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ABSTRACT

The committee examined the present status of
specifications and standards work in the Department of
Defense and elsewhere as appropriate. As a major item the
committee recommends that the U.S. voluntary standards
system be extensively called upon to rectify a growing
deficiency in the DoD system. The impact of the present
situation, as related to engineering education, industrial
engineering, current domestic and international trade, and
Department of Defense problems of cost, design, reliability,
and procurement is assessed. Appropriate recommendations
for a plan of action are made, aimed at producing a more
eificient, effective and nationally unified system.
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PREFACE

The subject of standards and specifications is clearly
a wide-ranging and complex one, even when restricted, as in
the present case, to materials ind processes. Although some
previous studies have dealt wit1 some aspects of the broad
subject - albeit none in the context of the specific
interests and problems of the Department of Defense, as
encompassed and specifically addressed herein - there has
not been a comprehensive, all-embracing study to provide a
basis for national policy at least insofar as the total
government is concerned, and including government relations
to non-government standards activities. 1Indeed, it is not
clear that an intelligent all-embracing study is feasible; a
step-by-step approach may be necessary and preferable,

The present committee early recognized that the
conditions of its assignment, including timing, necessitated
restricting its scope and activities. It has addressed
itself, therefore, to what it considered the basic DoD
problems, freely granting that othar problems also required
study and urging that this be done. For example, the
subjects of certification or accreditation of laboratories
for government purposes and the use and maintenance of
"Oualified Products Lists" are certainly important and
demand attention; this committee did in fact discuss these,
but too superficially, because of limited time, to permit
commenting on them in this report.

Likewise, the committee is not in a position to discuss
cerrain bills relating to standards introduced in Congress
in 1976, partly because the committee had essentially
completed its deliberations by that time and partly because
it was questionable if they truly were within its scope and
authorization. Senate Bill S.3555, "voluntary Standards and
Certification Act of 1976", is an example. Similarly, it
has come to the attention of some of the members of the
committee only very recently that a newly proposed circular
from the Office of Management and Budget deals with federal
interaction with commercial standards-setting bodies. The
circular, if actually issued in its present form or
equivalent, would support one of the major recommendations
of this report but, again, the committee as a whole has not
had an opportunity to study the circular and therefore makes
no comment on it. This is not to say, of course, that
individual members of the committee do not have strong
feelings on these documents. (See Appendix K for a copy of
referenced circular).

This report also does not cover requirements of
requlatory agencies and such requirements as safety and
environment control, except as they might relate in a
technical sense to certain material and process




! specifications. For example, a problem posed to the
committee from an outside source, and considered outside the
scope of the committee, was the claim that regulations are
issued in different formats and variations, sometimes

, contradictory, and are vague as to test methods, sampling,

3 acceptance and rejection criteria, packaging, etc.

Although this report attempts to remain within the
limited and specific sccepe assigned to the ccmmittee, in
some respects it may serve as a pilot study. Some of the
discussion herein undoubtedly applies to specifications and
standards beyond materials and processes and national needs
beyond those of the Department of Defense -- the national
issues of proliferation, simplification, and unification of
systems; possible development of a national specification
and standard system for many commodities; the role of the
voluntary specification and standard writing groups (that
already cover a major segment of national needs). These and
other similar topics, in the brcad context of national
interest (rather than being limited to the Department of
Defense as in the current assignment) require scudy by a
variety of appropriate groups. The committee hopes that, at
least progressively, these studies will be initiated.

Nathan E. Promisel
Chairman
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CHAPTER 1

SCOPE AND OBJECTIVES $

1.1 INTRODUCTION

1.1.1 HISTORY

For a number of years, the National Materials Advisory 4
Board (NMAB) has been informally discussing, in terms of
national needs, the status and posture of materials and
process specifications and standards in the United States,
with respect to (a) those generated within the government
and (b) those generated elsewhere. Clearly, specifications
and standards have paramount importance for an economic
design, and in the case of the Department of Defense (DoD),
they are critical. This is true also for industry. The
importance of a specification as a definitive tool for
communication was also recognized.

In these preliminary contemplations and deliberations,
there was not discerned the existence of a comprehensive,
unified national policy or program that could lead to an
efficient, cost-effective, practical, national system (or
systems) for the preparation and utilization of timely and
technically up-to-date specifications and standards. What
was readily discernible was the need for an in-depth study
of at least the major facets of the current situation, the
needs, gaps, opportunities, and possible remedial action.
Obviously, the full scope of this topic is vast, with many
far-reaching implications. As indicated above, the narrower
scope of specifications and standards for materials and
processes used by and for the DoD comprises an issue of
major importance, and it is to that kind of an issue that
this study is addressed. Although the major thrust of this
study and report relate to the DoD in both its national and
international concerns, it has been necessary to consider
also non-DoD relevant activities, kecause of their
inevitable impingement on and interaction with current DoD
practices and any future DoD system of operation. It should
be further noted that DoD practices constitute a strong
precedent and example for non-DoD-related practices in the
development and usage of specifications and standards.

On June 6, 1973, the DoD issued Directive 4120.3 which
established policies and assigned responsibilities for the
Defense Standardization Program. Inter alia the Defense
Materiel Specifications and Standards Board (DMSSB) was
established. On 19 November 1974, the Materials Panel of
the DMSSE was chartered; it was charged with assuring the
adequacy of the Defense Standardization Program in the

e




gpecific area of materials! and processes used in the design
and procurement of DoD materiel. Its efforts were to
include formulation of standardization policies, plans and
procedures. Within the above scope, the DMSSB Materials
Panel was given the following responsibilities, which are
itemized in detail here because they relate so intimately to
the DoD charge to this committee:

1. Ascertain the adequacy of existing DoD
standardization efforts, specifications and
standards to meet DoD needs. Relate the DoD
standardization efforts with other
federal/industrial efforts. Recommend
improvements and actions for improvement to the
DMSSB.

2. Recommend policies relating to the DoD
standardization of materials and processes and
their application in DoD materiel.

3. Monitor DoD activities related to the development
and coordination of (a) DoD originated
specifications and standards, (o) Federal
specifications and standards and (c¢) Technical
society published specifications and standards.
Make recommendations for improvement of the
process/procedures.

4, Identify specific areas where increased use of
industry specifications and standards would be
advantageous to the DoD. Recommend policies and
actions that can be adopted to expedite this
increased use.

5. Identify specific prokblems related to materials
and processes availability especially with respect
to system production and design and effects of
using sukstitute materials and processes.

1 Primarily classifed under FSG 93, Non Metallic Fabricated
Materials; FSG 95, Metal Bars, Sheets and Shapes; FSG 96,
Ores, Minerals and Their Primary Products, and secondarily
classified under FSG 68, Chamicals and Chemical Products;
FSG 80, Paints, Sealers, and Adhesives; FSG 81, Containers,
Packaging Supplies; FSG 91, Fuels, Lubricants, 0Oils and
waxes.
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6. Recommend plans and programs for improving
standardization of materials and processes; as
well as improving the use and applications of
existing specifications and standards.

7. Recommend specific specification consolidation
efforts as well as specific areas in need of
standards development (identifying existing
specifications that will form the basis for new
standards).

8. Identify specifications and standards that need to
be updated. Similarly identify those that should
be cancelled.

9. Coordinate the panel efforts with non-DoD federal,
industry associations, and industry standards
groups; e.g., National Materials' Advisory Board
(NMAB) of the National Academy of Sciences -
National Research Council, National Bureau of
Standards (NBS), American National Standards
Institute (ANSI), American Defense Pregparedness
Association, Aerospace Industries Association
(AIA), American Society for Testing and Materials
(ASTM) , et al.

1.1.2 REQUEST TQO NMAB

The Materials Panel of the DMSSB, recognizing the
ubiquitous nature of materials in DoD materiel, considered
it imperative to make a fundamental study of the basic
documents of procurement and design, i.e., specifications
and standards, not including engineering drawings.
Accordingly on February 19, 1975, the National Materials
Advisory Roard was requested to undertake a study with the
generalized task statement as follows: "Delineate an
optimum plan for the generation, implementation, and
improvement of DoD materials and process specifications and
standards which would utilize, if possible, the resources
and organizations in existence and with due consideration of
oLher aspects of national standardization programs".

1.1.3 NMAB_COMMITTEE ORGANIZATION, SCOPE, AND OBJECTIVES

As a result of this request, an NMAB Committee on
Materials Specifications, Testing Methods and sStandards was
constituted. ts first meeting was held on June 19, 1975.
The committee was structured to insuvre a variety of inputs,
from a number of viewpoints, covering the several aspects of
the subject that could be envisioned in the planning stage.
Special guests, as appropriate, were invited to meetings to
address critical issues that arose.




¥ The committee adopted as its study scope the following:
1.1.3.1  SCOPE

Specification and standard systenms arrlied to
materials and associated finishes and processes.

The overall Department of Defense Management
Program for specifications and standards as it
related to the committee charge.

The impact of criteria for structural integrity on
the foregoing specifications and standards.

The data base for specifications (with
consideration of the Office of Technology
Assessment (OTA) study on Materials Information
Systems) .

The cost elements of specifications and standards.

The educational aspects of specifications and
standards.

Other areas that may be required to achieve the
objectives of the committee.

After consideration of its charge, scope, and early
presentations by liaison representatives, the following
committee objectives were established:

1.1.3.2  OBJECTIVES

Develop recommendations that would improve the
implementation of the Department of Defense
Specifications and Standards ¢ ystem/Program,

Establish the interrelationship and impact of
various specifications and €’ andards in terms of
the Department of Defense posture.

Determine and describe the inmportance of
specifications and standards through the use of
real-life examples and impact on procurement
costs.

Examine the Department of Defense Standardization
Program and the procedures used therein, including
how specific specifications are selected for use,
how selection is coaitractually contrclled, how
modifications, feed back, revisions and
cancellations are introduced and effected, how DoD

. personnel perform in non-government groups that

3 publish specifications and standards.
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Examine the impact of a national system for
standards, if one existed, on Department of
Defense standardization progranms.

Examine the interrelationship of the Department of
Defense with (1) other government groups (refer to
February 10, 1975 Department of Commerce
memorandum and attachments, Appendix J); and (2)
non-governmental groups.

Define current road blocks, problems and
deterrents to cost-effectiveness and efficiency
and make appropriate implementable
recommendations.

Consider the education and training of
specifications/standards engineers and of the
document users in order to identify gaps and
desirable actions.

Consider how to alert managers to the importance
of specifications.

Examine opportunities to reduce the unnecessary
proliferation and overlap of specifications and
standards.

Examine present resources for development and

maintenance of specifications and standards in
terms of budgets and personnel (government and
non-government) .

Examine ways by which new technology becomes
incorporated into specifications and standards and
consider the interaction between research and
development and the puklishing of specifications
and standards.

Examine the international aspects of U. S.
materials and process specifications and standards
in terms of what currently exists and what
desirable features are missing.

Examine methods for improving the technical
content of specifications and standards to
eliminate or accomodate repetitive waivers.

Examine what happens in cases of deliberate or
ac cidental noncompliance with specifications and
standards when discovered after the fact.




1. 1.4 MODUS OPERANDI

The modus operandi of the committee comprised an
appraisal of the current situation, identification of
problems and related omissions in necessary activity,
identification of current efforts to improve the status quo,
development of remedial recommendations, and assessment of
costs and benefits of pursuing recommended courses of action
where such an assessment could be made.

Because of tne complexity, number of issues, and
magnitude of the activity in this overall area, it was
necessary to receive extensive and detailed presentations
from many sources. Each liaison representative made a
presentation to the committee from the point of view of his
service or agency. Presentations were also made by the
premier non-governmental standards development
organizations: American National Standards Institute,
Society of Automotive Engineers, American Society for
Testing and Materials, American Society of Mechanical
Engineers, the American Society for Nondestructive Testing,
and American Welding Society. Resource material was made
available to the committee by the liaison representatives.
Presentations by individuals were valuable supplements in
obtaining a comprehensive perspective of the subject.

In preparing this report, an attempt has keen made to
address several audiences. Since one of the major
deficiencies in the present situation is lack of
understanding and appreciation of the importance of
specifications and standards by many in top management, a
chapter has been devoted to "Role and Significance".

Another chapter is on the economic implications of a
proposed course of action and is addressed to responsible
persons inquiring into the cost of implementing a provosal.
Necessarily, much of the report is addressed to those
responsible for meeting the charge to the Materials Panel of
DMSS3. Other audiences, for reasons that should become
clear in the report, include academe, industry, societies
and gcoups concerned with developing voluntary standards,
and certainly a number of government agencies, at technical,
planning, and executive levels.

Except peripherally, the committee was not in a
position, nor was it within its province, to assess the
effect of proposals made in this report on the civilian
sector or on government bodies outside DoD. Even with
respect to DoD, recommendations necessarily are in the form
of principles and guidelines; details of implementation and
organization were neither within the scope of the charge to
the committee nor was time available during the stud: to
develop such details. On the other hand, care was exercised
to reflect views from many sources and avoid an approach
that would be indicative only of a single discipline or
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industry. The committee aimed to utilize to the maximum
degree practicable existing practices and organizations as
opposed to creating new organizations.

The Table of Contents has been constructed in
sufficient detail to avoid the need for an lndex. Various
appendices have been added for the benefit of those who want
to pursue detailed data in support of the report.
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CHAPTER 2

EXECUTIVE SUMMARY

2.1 INTRODUCTION

Specifications! have immediate major impact on the
durability and satisfactory usage of an item or material and
on minimizing the cost of DoD materiel to the taxpayer. By
definition, a specification is a document intended primarily
for use in procurement, that clearly and precisely describes
the essential requirements for items, materials or se:rvices.
It includes the procedures by which it will be determined
that the requirements have been met. Specifications for
items and materials also contain preservation, packing and
marking requirements and provisions to comply with OSHA and
other pertinent requlations. Standards! are definitive
communication tools for design, procurement, delivery and
acceptance. As such they have important impact on costs.

This study addresses the general subject of
specifications and standards from the point of view of the
needs of the Department of Defense in the area of materials,
processes, and tests. It will be apparent to the reader
that one or more studies in at least equal depth, should be
undertaken for the civilian departments of government and,
in the national interest, for 2American industry.

2.2 GENERAL_CONCLUSIONS AND RECOMMENDATIONS

The major findings and recommendations of the committee
are summarized below. The reader is encouraged to review
the supporting rationale in the subsequent chagters; these
chapters also list some minor recommendations not included
in this summary.

] Exploit the_Cost-Effectiveness Potential of
Standardization

Upward spiralling cost and complexity of nodern
military weapons, vehicles, and equipments necessitate that
every available management technique: be employed for
increasing the life-cycle cost-effectiveness of weapons
systens (v. Chapters 3 and 6).

RECOMMENDATION

e e i e = i

Concentrate on the effective use of the very important
technique of standardization and impose it early during the

1 See Appendix A for definitions.
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design development phase of weapons systems, particularly
with respect to materials and processes.

. Increase DoD_Emphasis_on_Specifications_and_Standards

For a variety of reasons, the Defense Department has
historically maintained an iindependent specification and
standards system. This system has been fragmented among the
Services although an effort has been and is being made to
draw the system together through use of a Department of
Defense Index of Specifications and Standards. In spite of
continuing efforts by the Services, however, the Defense
standardization system with respect to materials and
processes and very probably other areas as well has become
increasingly obsolete, redundant, ad hoc, expensive in terms
of results, and underfunded in terms of needs (v. Chapter
5) .

KECOMMENDATION

Seek supplenentary specification and standards
resources (see 2.4 below) which, through judicious use of
specifically allocated and protected Defense financial and
manpower, inputs and adaptation to Defense needs, may
provide a better, more adequate, and more cost-effective
satisfaction of Defense requirements.

. Take Advantage of the Voluntary Standards_System

There is available within the voluntary standards
system an enormous body of specifications and standards.
This has largely evolved from American Industry in response
to its own needs, kut at no direct cost to the government.
The extent and costs of this voluntary system heavily
outweigh the Defense Department resources allocated to
specifications and standards work (v. Chapters 3, 4, 5).

RECOMMENDATION

The Department of Defense should implement in
appropriate and identified technical areas, the required use
of available specifica’ions and standards of maximum general
acceptance rather tlan (a) develop specifications case by
case, (b) attempt to maintain a rarallel total
specifications and standards system for Defense use, or (c)
allow specifications and standards to ke a matter of special
treaty for each procurement (v. Chapters 3, 5, 6). It
follows from this that (a) DoD should strengthen its
participation in those groups developing the above
specifications and standards, and (b) the accepted documents
should be listed in DoDISS in lieu of the government
specifications in order to minimize the need for special
preparation of the latter.
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. Work Toward a Unified System of Specifications_and
Standards

o ot et S .

It is necessary to evolve a rational plan for taking
advantage of the available supplementary resources. This
may require legislation or it may be done by voluntary
cooperation. Responsible spokesmen for the American
National Standards Institute, the Society of Automotive
Ergineers, the American Society for Testing and Materials,
and others involved in voluntary standards development have
indicated to this committee a complete commitment to
satisfying the needs of the Department of Defense in the
national interest (v. Chapters 4 and 6).

RECOMMENDATIONS

A. Create a unified system of specifications and
standards in line with the suggestions of Chapter 6,
preferably for the total government but, in any case, for
DoD's r=eds, through coordinated efforts among government
and non-government grcups. A major objective should be to
raximize the total methodological effectiveness of all
groups involved in material and process specification
preparations.

B. Assign and fund competent Department of Defense
personnel to participate actively in standards development
work, as appropriate, to assure that Department of Defense
needs are addressed and that Defense requirements are
satisfied.

C. Impose DoD Directive No.4120.3 and DoD Instruction
4120.20 and expand their applications. (See Appendix F-1
for discussion of this Directive and Section 5.2 for its
place in Dol activities.)

D. Develop and implement a computer program to yield
up-to-date information on availability of acceptable
specifications, currency and review status, differences
among similar specifications, etc.

E. Take appropriate steps to develop more reliable
and uniform data and to conserve, collect, and make
available the technical data generated by Defense
contractors to serve as a data base for up-dating or
developing materials and processes standards. (DoD
Directive No.4120.3 now excludes data development from
specifications and standards development funding.)

F. Take appropriate steps to assure a legal voice for
U. S. interests in international standards activities and
particularly as NATO ard other off-shore Defense commitments
are involved.
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° Use_Specifications and Standards_as_a_Mechanism to_Cope
with Shortages, Substitution_and Conservation

Materials, energy and the environment are an
interacting triad and, when combined with the supply/demand
ratio for materials, pose some complicated availability
problems. Specifications and stancards are one mechanism
for ameliorating critical situations by providing
requirements for substitutes, by minimizing requirements for
critical materials in various products, by defining
requirements for materials to be stock-piled, ky minimizing
material factors that militate against recovery of critical
materials and products, by providing processes that reduce
energy consumption, by improving procurement, stocking and
storage practices, etc. (v. Chapter 9).

RECOMMENDATION

Establish a task force to provide stimulus and guidance
with respect to the above opportunities and to provide a
delikerate means for reviewing sgpecifications with the
objective of conserving critical materials and energy.
Simultaneously, environmental impact should be examined (v.
Chapter 5). If authority to implement this recommendation
already exists, then the authority should be exercised
forthwith by the appropriate organization.

2.3 SPECIFICS OF THIS_ STUDY

For closer examination of the details of this study and
recommendations to implement the kroad conclusions and
reconmendations of this chapter, it is suggested that the
detailed Table of Contents be used as a guide to related
topics and it is urged thav the specific conclusions,
reconmendations, and opportunities in each chagter be
considered. Particular attention should be given to
Chapters 5 and 6 which, based on first-hand exgerience
contributed by memkers of the committee, offer an
opportunity to make early specific improvements.

RECOMMENDATIONS

Undertake a phased implementation of appropriate action
items at this time.

As described in the detailed recommendations, undertake
the suggested studies with particular attention to keeping
specifications and standards current and consistent with the
state of the art as well as with emerging technologies.

im0
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CHAPTER 3

THE _ROLE AND SIGNIFICANCE OF SPECIFICATIONS AND_ STANDARDS

3.1 INTRODUCTION

The increasing complexity and upward-spiralling cost of
modern military weapons, vehicles and equipments, coupled
with the drastic reduction in dollar purchasing power
available in recent defense budgets, necessitate that every
available management technique be employed toward increasing
the life-cycle cost-effectiveness of weapons systems. It is
widely recognized, both in government and industry, that one
such management technique is the effective use of standards
imposed during the design and development phases of weapons
systems. This is particularly true with respect to materials
and processes that, in themselves, represent a
standardization effort in the tens of millions of dollars
annually (v. Chapter €) and involving thousands of
specifications (as detailed below).

It is important to understand how and why materials
specifications and standards are used and what economic
impact such documents have on our society. It is certain
that the use of puklished specifications and standards
represents a great savings; for example, if puklished
documents were not available, specifications for each item
would have to be developed case Ly case.

This chapter concentrates on the role and significance
of specifications and standards for materials, finishes and
processes! primarily as they apply to the Departrent of
Defense. In addressing standardization relative to DoD
needs, the committee has also found it necessary to consider
specifications and standards issued by government agencies
other than DoD, as well as the voluminous contrikutions of
the numerous private sector technical societies and trade
organizations in this country.

3.2 HISTORIC PERSPECTIVE

Specifications and standards represent one of the
keystones in our economic system. They have become so
commonplace that they are taken for granted to the extent
that the attitude of some people is, "What have
specifications done for we lately?"

! For convenience, the word "materials" may be understood by
the reader of this report to include finishes and processes
unless otherwise specified.

12

PRI S




Yo

13

Specifications are a part of almost every buy-sell
operation. The specification must define the material.
Specifications are directly referenced in most significant
government and industrial procurements and inferred in most
consumer transactions. The buyer can refer to
specifications to establish what he expects to receive and
the basis on which he will accept the product. The seller
can refer to specifications with each order, negating the
need to write new and elaborate descriptive sugporting
documents each time he makes a delivery. The
"specification" thus defines the responsibilities of both
buyer and seller. 1In addition it can provide valuable
technical informatio.a to both sides.

The time saved ky the buyer and the seller, through
contract language documented in the form of a specification,
decreases the cost of doing business for both parties.

Probably a more important result of the use of
specifications is a capability of manufacturers to
economically mass produce uniform products that comply with
specifications. The results of this systematized use of
standard parts and materials are well known. The entire
economic and military strength of this country is built on
an economic system which could not exist without the approx-
imately 63,000 standards! essential to our technical
society. The role of standardization in containing costs
and increasing production makes the standardization process
one of the most powerful of anti-inflationary tools. A
realistic estimate of the total benefits which have been
achieved as a result of standards work is impossible. They
would represent a major part of our economy integrated over
the period since 1798 when Eli Whitney standardized on parts
for the mass production of guns for the United States Army.

In the interest of national defense, it is imperative
that the American system of standardization not only be
maintained, but also that it be improved and strengthened.
DoD has played a prominent role in the management, control
and implementation of government specifications and
standards throughout the years; currently it does so in
cooperatior with the General Services Administration (GSA).

The Defense Standardization Manual (DSM) 4120.3-M,
January 1972 (now in revision), covers Standardization
Policies, Procedures and Instructions. This is DoD's
inmplementation of the law embodied in U.S. Code 10, Secs.
2451-2456, which superseded Public law 436 - 82nd Congress.

1 See Table 3.
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The law requires the achievement of the greatest practicable
degree of standardization of items and practices applicable
thereto used throughout the Department of Defense. The
tackground upon which 4120.3-M was originally developed
extends back for fity years or more. During World War II
the system, which was essentially the sare as covered in
4120.3, worked very well.

In the background repcrt for the Commission on
Government Procurement in 1971, A. L. Pilson, then Director
of the Contract Management Division, Defense Communications
Agency, observed:

"In the early 1950's the Congress was significantly
interested in the defense supply management area. Out
of this interest was enacted a law which strengthened
the ongoing efforts of the Office of the Secretary of
Defense to achieve DoD-wide standardization!. The Act
directed DoD to standardize supplies to the highest
degree possible "by developing and using single
specification, eliminating overlapping and duplicate
specifications, and reducing the number of sizes and
kinds of items that are generally similar," and further
to "standardize the methods of packing, packaging, and
preserving such items." To carry out this program, DoD
was to "maintain liaison with industry advisory groups
to coordinate the development of... the standardization
program with the best practices of industry."

The Federal Property and Administration Act2 directed
the General Services Administration (GSA) to achieve similar
standardization for the civilian agencies. Both Acts called
for cooperation rtetween GSA and DoD.

The committee recognizes on the basis of presentations
made to it, that a common quandary within our government is
conflicting laws and directives; e.g., the Federal Trade
Commission has interpreted the Anti-Trust Laws in a manner
that militates against the inplementation of the two acts
cited above. DoD legal counsel has issued policy
instructions that often make it difficult for LoD to work
with industry advisory groups as required by law.

1 U. S. Code 10, Section 145, et seq.

2 U. S. Code 40, Section 487, et seq.
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It is becoming clear that DoD's legal directives are
solely based upon FTC's interpretation of the Anti-Trust
Laws; but, FTC has no responsibility for implementing or
assisting in the interpretation of other laws such as the
Defense Standardization and Cataloging Act of 1952 and the
related U. S. Codes that fcllowed. Thus, conflict and
possible nullification of the intent of Congress may ensue.
Although one might claim that DoD is oversensitive to the
Anti-Trust Laws, it is a fact that DMSSB activities have
already been delayed because of this restriction.
Unfortunately, there is no referee to determine
congressional intent except Congress itself. Such
regulatory conflict is seldom classified as a "crisis" and
sO it escapes Congressional notice or interest.

Mr. Jacques S. Gansler, Deputy Assistant Secretary of
Defense for Materiel Acquisition and Chairman of DMSSB
emphasized that the objective of the DMSSB is not to push
standardization for its own sake, but rather as a means of
cost reduction. He stated! that DoD's objectives are: (1)
cut costs of Defense equipment by designing to unit
production cost rather thar exclusively to performance, (2)
better use of standards, including commercial standards,
wherever possible, and (3) make contractors more responsible
for field maintainability and reliability of equipment,
including having them warrant equipment just as is done in
the commercial world."

As a further irdication of the significance and
magnitude of the standardization effort, it should be noted
that numerous private sector groups publish tens of
thousands of materials standards, many of which address DoD
needs. This aspect is discussed in detail in Chapters 4 and
5.

All materials and processes specifications have
specific objectives as shown in Table 1.

3.3 ROLE OF _SPECIFICATIONS IN ACTUAL USE

Materials and products must meet standards of
efficiency, safety, and satisfactory performance. This
approach to standards and standardization has nothing to do
with uniformity. Because we insist on products conforiming
to standards does not mean that they must have identical
appearance (unless the appearance is standardized).

Within the defense area, specifications are considered
procurement documents in terms of performance requirements.

1 ASTM STANDARDIZATION NEWS, February 1975, Page 26,
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TABLE 1

OBJECTIVES IN WRITING SPECIFICATIONS FOR
MATERIALS, FINISHES AND PROCESSES

Definition
Inprovement
Cost-effectiveness
! Requirement

Guides

Inspection
Reliability
Records

Forunm

Safety

Precisely define itens and provide
uniform definitions of specific items.

Target improvements to itenms or
practices.

Make systems more cost-effective Ly
standardizing items and practices for
multi-usage ky deleting sugerfluous
requirements.

Comply with contract reguirerments for
design, manufacturing, and guality
assurance at lowest cost.

Provide guidelines and instructions to
engineers, shop personnel, inspectors,
purchasing agents and others.

Provide inspection criteria for precise
acceptance or rejection of items and
practices.

Insure cons’stent guality products that
are neither over-specified nor under-
specified.

Provide uniform technical records of
items that have been purchased or
manufactured.

Provide a forum for a unified and cost-
effective consensus of opinion during
the develorment of documents for multi-
usage items.

Promote safety and fcuecus on product
liability which have an economic impact
on the product.

See also 3-2.
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Military standards! generally provide direction and
guidance. 1In the private sector, specifications and |
standards respond to public need and to private industry !
reguirements.

Table 2 lists some detailed uses for specifications and
standards. In each category it is obvious that there are
savings in time and money to be gained by judicious use of
specifications and standards.

3.4 SIGNIFICANT MAGNITUDE OF SPECIFICATIONS AND_STANDARDS

The total output of the standards-producing bodies is
large and complex. In this study the committee largely
focused its attention on the impact of materials ard process
documents on the Department of Defense.

Even with this limited scope it should be noted that
there are approximately 5,000 materials and process
specificationc immediately applicable to DoD with an
additional 7 to 8 thousand possibly aprplicable to DoD as
indicated in Table 3. The further significance of these
large numbers in terms of possible adverse effects on cost,
effectiveness, and product performance may be deduced from
the fact that many existing DoD standards are obsolete and
have not been cancelled or even reviewed for updating.

T R S ST

It is appropriate to note at this time that che private
sector produces some excellent specifications, many of which
are more up-to-date, timely, and appropriate for DoD use
than the DoD-approved standards. Yet, a major fraction of
these appropriate private sector material and grocess
documents have not been accepted by DoD as shown in Table
3.

Not included in this survey are the unknown thousands
of company-originated specifications and standards, prepared
Ly companies at their own expense or under a government
contract. Many of these documents are generated because of
the rapidly expanding use of electronics. In general,
company-originated specifications are for items which are
neither included in DoDISS nor in published technical
society documents. Whereas, in some cases use of the item

may ke unique to one company, in other cases the item may
have multi-usage throughout other user industries with
consequent replication of specifications. There is no
estirate of the development cost throughout industry of
company specifications. The cost of developing a company
specification is estimated to varr from $600 per

1 gSee Appendix A - Definitions.
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TABLE 2

USAGE OF SPECIFICATIONS AND STANDARDS REIATED TO
MATERIALS, FINISHES, AND PROCESSES

USAGE WITH
RESPECT TO:

SPECIFICATIONS SERVE TO:

Contract

Procurement

Bidding

Logistics

Order and Priority

Traceability

Critical Materials

Communication

Education

Research and
Development

Provide a basis for contract
negotiations.

Procure items and locate vendors.

Facilitate bidding by providing uniform
requirements.

Reduce variety of unique products and
improve logistics.

Estaklish the order and priority with
which specifications and standards
shall be selected for use in given
contracts: such as MIL-STD-143.

Trace the aprlication and use of an
item within a system or equipment and
provide consumer reference.

Identify and evaluate scarce, critical
or potentially problematic materials
and promote conservation.

Provide state-of-the-art knowledge to
a wide range of potential users, by
opening mutual channels of
communication.

Provide understanding of cur RED,
inform and provide alternatives to
erngineers in the new and ugcoming
materials, finishes, and processes.

Translate research into practice.
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TABLE 2

USAGE OF SPECIFICATIONS AND STANDARDS RELATED TO
MATERIALS, FINISHES, AND FROCESSES

(Continued)

USAGE WITH
RESPECT TO:

SPECIFICATIONS SERVE TO:

Structural Integ-
rity, Health and
safety

Qualification

Producibility and
Interchangeability

Sukstitutions
Environmental

Protection

Electrical
Characteristics

Insure structural integrity of equip-
ment and thereky safety of human lives
by developing criteria for fatigue and
fracture and by defining human
engineering concepts. Conform to OSHA
regulations such as toxicity, noise
levels etc.

Cevelop requirements and procedures for
items to kecome qualified for given
applications. Avoid repetition of long,
complex, or 2xpensive tests, some of
which would otherwise be required after
each contract award.

Insure producitility and provide for
interchangeakility of parts.

Determine and make available substitute
materials, finishes, and processes.

Prevent corrosion of metals and
deterioration of pvlastics throughout
the life-cycle of equipments and
systems during use and storage for
predatermined environments.

Provide materials and custcmized
surfaces that respond to electrical and
electronic characterization and charges
during operational test, short term
usage, continuous operaticn, and
storage; and that prove reliable and
meintainable throughout the environ-
mental life-cycle of the systen.
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TABLE 2

: USAGE OF SPECIFICATIONS AND STANDARDS REIATED TO
MATERIALS, FINISHES, AND PROCESSES

(Continued)

USAGE WITH
RESPECT TO:

SPECIFICATIONS SERVE TO:

Engineering
Drawings and
Systems Specs.

Operating
Procedures

Manpower and
Equipment
Test and

Inspection

Certification

Time/Cost

Repairs

Formulate accurate and uniform drawing
notes on engineering drawing and in
systems specifications to precisely
define the materials, finishes, and
processes.

Identify repetitive finishes and
processes to establish uniform
operating procedures.

Determine materials, manpower,
workloads, instruments, equipments
and facilities needed to produce
items.

Define test procedures (destructive
and nondestructive) and inspection
requirements for items and equipment.

Certify critical processes, operators,
and equipment; €.g., certification of
welders, welding equipments, and
weldments.

Reduce time periods and costs involved
to design, produce, and inspect items
and eguipments by using uniforr
criteria and established practices.

Assist repair of items and maintenance
of equipments Ly utilizing approved and
reliakle materials and procedures.
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TABLE 3

ESTIMATED NUMBER OF SPECIFICATIONS AND STANDARDS IN
DoD AND PRIVATE (VOLUNTARY) SECTOR SYSTEMS

haca's Konc o

Materials and Processes Specs. All
Specs./Stds. Government Private Sector Categories
; Indexest of Specs.
1
DODISS Index 4,000 (1,000) 2 40,000
SAE/AMS Index = 1,680 1,680
ASTM Index3 = 2,200 6,680
Other Technical 3,800 14,600
Society3 Indexes
E
TCTALS: 4,000 7,680 62,960

footnotes

! Indexes list items other than mraterials, processes, and
test methods.

2 Included also in indexes for other technical societies
in this table.

3 Indexes also list items believed to be of no interest
to DoD.

wex T,
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specification to $2,500 per specification, exclusive of the
research, testing, characterization, and other tasks
necessary to complete the data base for the specification.

Industrial technology moves so rapidly that published
specifications often lag behind the current technology, so
that a company specification has long since been generated
and invoked before a coordinated specification can be
puklished. This is particularly true in the newer, more
sophisticated disciplines in vogue for electronics.
Although technology is generally ahead of specifications,
when the time lag extends to several years it Lkecomes a
serious matter.

3.5 "NOTES" IN SPECIFICATIONS

The most underused section of a military or federal
specification is Section 6, "Notes", 1In the past this has
usually covered only general ordering information. In the
light of increasing national concerns of which
specifications must take cognizance for the foreseeable
future, Section 6, "Notes", is the only rlace in a
specification where such concerns as energy conservation,
materials conservation, environmental rroblems, and
manufacturing technology can be addressed. Specifications
and standards are multi-faceted documents that can satisfy
the needs for direction and communication of, inter alia,
the preparing agency, the procurement officer, the proposal
preparer, tne designer, and the manufacturing engineer.

It is therefore recommended that developers of
specifications and standards expand the use of Section 6, as
a matter of policy, to include relevant helpful information,
suggestions, and the function of the materials or product
covered for the normal users of these documents.




CHAPTER U

THE PRESENT_DOMESTIC STANDARDS_SYSTEM

4.1 INTRODUCTION

The word "standard" has a range of meanings depending
on the context within which it is used; even so, there are
analogies and evolutionary procedures worth considering.
Individuals have standards of conduct which vary widely and
which sometimes can come into conflict. A company may have
internal manufacturing standards and procedures that are
arkitrary within the company, hut which are usually
developed on the basis of achieving a particular result at a
given cost largely using existing facilities. Users and
producers can get together to set standards for mraterials
and products which fit their particular industry. 1In
contrast, the ultimate consumers become involved when it
becores necessary to make sure that products are being
produced to a standard in the public interest. (From this
point on "specifications" will also be understood when
"standards" is used.)

The laws under which we live and operate are
essentially a set of standards of conduct and performance.
These laws are standards made by representatives of the
people and they should be in the interest of the people. If
they are not, the law makers may be judged at the next
election and the laws may be changed. The courts interpret
the laws or standards and the executive department enforces
them. Our standards syster is neither more nor less perfect
than our legal system. It has some of the same advantages
and disadvantages. 1t is as good or as bad in a particular
area as the people who operate it, and it can be changed
when it is at fault.

4.1.1 TYPES OF STANDARDS EMPLOYED_ BY SOCIETY

4.1.1.1 VALUE_ STANDARDS

This is the highest level of standards in terms of the
basic impact on society. Public interest is the dominating
consideration in the development of these standards, and
they are usually the result of action by Congress. The
major factors involved in setting standards of this type are
social (which usually predominates), legal, political, and
then, to a lesser extent, economic, and technical.

Typical examples of value standards are the various
pieces of legislation that deal with the "quality of life,"
such as the need for limiting exposure to radioactivity, the
need for clean air and water, and the requirement that
consumer products ke safe. This legislation usually

23
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provides the fundamental framework, leaving the enforcement
agency to set the specifics.

Because the process by which these standards come into
being is frequently political and sowetimes highly
emotional, the predictability of requirements for standards
of this sort is very low. Moreover, once introduced, they
are difficult to change. During the development of the
standard, the opportuvnity for puklic comment is quite
limited, and the voluntary standards system has played
practically no role in the process.

4.1.1.2 REGULATORY STANDARDS

Frequently derived from the more basic value standards,
reqgulatory standards are usually created by the legislative
authority accorded to a branch of the federal or state
government by the act which sets the value standards. While
there are a number of regulatory standards that are produced
on a voluntary basis, the issuing agency is usually the
federal or state bureaucracy. (In this connection, it
should be noted that the term "regulatory" is not
exclusively associated with federal agencies. 3Some of the
more basic codes developed by industry initiatives fall into
the category of regulatory standards.)

Major considerations involved in producing such
standards are technical and economic, with legal and
political overtones. During the development of a standard
by federal agencies, public participation may ke limited to
the required period for public comment on a draft regulation
in the Fecleral Register. In other cases, the agency may
convene groups of outside "experts" to comment on the
problem. The view of the private sector may be solicited,
such as in inter-laboratory evaluation of test procedures.
Once such standards have been set, the process by which they
become modified is not easy, since it usually involves a
change of stance Ly a regulatory agency. However, the
process, though difficult, is not impossible.

The predictability of reguirements for standards of
this sort is fairly high since these standards are the
logical output of value standards established ky Congress or
a legislature. Frequently, political pressure ox
legislative requirements may require that such standards be
set in a short period of time.

We consider here three types of regulatory standards.
These are:

a. Industry requlations or codes that are produced
(and hence paid for) by industry;
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Consensus-type regulatory standards paid for by
members of standards-writing bodies and/or the
federal government, such as -standards produced by
the voluntary organizations in response to
government needs, e.g., for the Nuclear Regulatory
Commission or the Occupational Safety and Health
Administration, inter alia. The voluntary
standards system has been active in tyges of
requlatory standards where the dominating factors
involve well-defined engineering practices and
other Lkasic technical considerations;

Mandatory regulatory standards that are entirely
the product of the federal, state, or local
government agencies, in accordance with
established procedures. Examples of mandated
regulatory standards are those for the permitted
level of Strontium-90, or oxides of nitrogen in
the atmosphere. The latter case provides an
example of a regulatory standard that mray undergo
modification as a result of interaction Letween
the Environmental Protection Agency and state,
local, and industrial interests. Somretimes a
regulatory standard cannot be set until a
standardized test method (v. 4.1.3) is available.
An example is the flammability standard for
children's sleepwear.

4.1.1.3 MATERIALS AND METHODS (M&M) STANDARDS

Regulatory standards stem from value standards.
However, regulatory standards require the develorment of MEM
type standards to provide the neans for develoring (a)
performance and design specifications, or (b) a test method
. to demonstrate compliance. Thus, the rationale for such M&EM
3 standards, particularly as they relate to the interaction
ketween the federal agencies and the voluntary standards
organizations, is usually found in the inplementation of
reqgulatory standards. The issuing agencies are either the
federal government, which may reference voluntary standards
or adapt them for their own needs, or the voluntary system
The major factors involved are predominantly
technical, with economic and legal considerations assuming a
secondary role.

Federal agencies also need M&M standards for
procurement from private sources (v. also 4.2). These
standards are sometimes complicated by the fact that the
General Services Administration is often the purchaser of
products offered to the general public in similar or
identical form; each class of user may have differing needs.
The voluntary system plays a dominant role in the
development of such MEM standards.
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In the three types of regulatory standards, MEM
standards are most amenable to public comment through
consensus procedures; tney may be routinely reviewed for
change. Predictalbility of the need for such M&M voluntary
standards is high; however, because of the need to resolve
numerous diverse opinions it may take longer to resolve an
M&M standard than other regqulatory standards.

4.1.2 STANDARDS PROCEDURES

There are several procedures by which standards are
written. The term "consensus" may be applied to several
procedures in different ways.

"Full cont-nsus" may be defined as the process in which
all interested parties are involved in the generation of the
standard, including producers, users, and general interest
participants.

"Consensus" may be achieved if a standard is prepared
by one group, for example, by either a producer or technical
society, and then sent out for public review to all
interested parties. Comments received are considered though
not necessarily incorporated by the preparing body.

Cconsensus does not mean unanimity, kut it does mean
that minority opinion has been considered and is available
in the record. Openness and the ordinary rules of conduct
of meetings are considered essential. C(~< person can write
a good standard, but the document cannc: Je said to have
consensus unless it has either had all other concerned
parties involved in its preparation or until it has been
reviewed and agreed upon by a representative group of
various interests.

4.2 THE_U.S._ _GOVERNMENT AND STANDARLS

4.2.1 INTRODUCTION

The U.S. Government is involved with standards in many
of its operations. Methods used for development and
application of standards vary widely and, in general, the
specific method is based on the particular needs and
practices of the preparing agency.

With increasing reculation, particu.arly in the fields
of human interaction with the environment and the workplace,
the need for all types of standards is becoming more
apparent. In many cases, the measurement of cormpliance
requires new standards for the measurement of the item under
consideration such as dust particles, air pollution, and
flammable fabrics. The Department of Defense is concerned
on three grounds: its own facilities, its contractors!
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facilities, and the potential of the United States
industrial machine.

Various governmental agencies have quite different
views of their in-house capabilities to generate
satisfactory standards. For example, some parts of
Environmental Protection Agency (EPA) regard themselves as
having strong in-house technical expertise; others, such as
the Nuclear Regulatory Commission (NRC), know that their in-
house capabilities are largely scientific in nature and
their standards developnent capakilities are inadequate to
the task; hence they tend to utilize outside, gprimarily
nongovernment, sources to prepare their documents.

Some agencies have recognized that they have a kind of
"life cycle" of standards needs, depending on how recently
they were called upon to develop or regulate under a value
standard. The Nuclear Regulatcry Commission, which for many
years, as a part of the Atomic Energy Cormission, was
concerned primarily with value and requlatory standards, is
beginning to work on materials and methods standards,
whereas the Consumer Product Safety Commission is just
beginning operations in the regulatory standards arena.

Most agencies believe that they have an effective
system for developing standards which provides for external
input during the drafting process--that is, before public
review and comment. Thus, unless an agency is required to
use voluntary standards organizations, it will generally
prefer to use its own system. 1In part, this may be the
result of ignorance of the voluntary system.

In dealing with the total public interest, the federal
government sees itself as the only possible mechanism.
Executive agencies and regulatory bodies stress that they
have the mandate from Congress to set standards, that they
cannot (by law) pass that responsibility to any one else,
and that they must, therefore, make a considered, well
tempered judgment between polarized positions such as
industry vs the consumer. In this connection, it should be
noted that agencies do not necessarily want stricter

standards; they are sometimes embarrassed by standards which
are virtually unenforceable.

Finally, unlike voluntary standards organizations that
work within the state-of-the-art, federal ayencies are aware
that they can set standards that will anticipate advances in
the state-of-the-art. This concept was tested in court by
Department of Transportation and was supported.
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4.2.2 FEDERAL RCEMCY STANDARDS - GENERAL NEEDS

The following comments relate to agencies that use. or
would like to use, the voluntary system. The two nceds most
frequently cited relate to speed and language.

Agencies often find themselves in ithe position of
having to respond within a short time frame, either because
of the requirements of the law, political pressures, or
previous lack of available manpower. A fast response
capakility by outside resources is obviously of interest.

One prime need in federal standards is a tightness of
language which permits unambiguous interpretation by those
responusible for compliance. There is also a need for
sophisticated non-technical inputs, risk-benefit analyses,
socio-economic, and legal considerations, etc.

Agencies want to preserve their options since the
agency is ultimately responsible for whatever emerges.
Thus, there may be circumstances in which an agency will
prefer criteria documents that they can use as the basis for
writing standards rather than a draft standard itself.

Some needs can be appropriateiy handled without turning
standards into regulations; voluntary standards can be
cited, or given the status of an "approved method, " or
puklished as a guideline.

4.2.3 FEEDERAL TRADE_COMMISSION_(FTC)

The FTC's interest in standardization procedures and
activities relates to possible anti-competitive or anti-
consumer effects of standards and certification activities,
It issued an advisory opinion on March 8, 1971 (File No. 713
7002) to the American National Standards Institute. This
opinion was not intended to be firm, definitive or
conprehensive statements cf FTC policy, and it may be
changed in the future. Because of their interest to both
the government and voluntary systems, they are paraphrased
here.

1. Standardization and certification programs must
not ke used as devices for fixing prices or
otherwise lessening competition.

2. Standardization and certification programs must
not have the effect of boycotting or excluding
competitors.

3. Standardization and certification programs must
not have the effect of withholding or controlling
products.
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Cconstruction or specification standards should not
be used when performance standards can be
developed.

Any organization sponsoring standards must insure
that its standards reflect existing technology and
are kert current.

No applicant for certification may be denied
certification for any of the following reasons:
(i) that he is not a member of any association or
organization; (ii) that he is a foreign
competitor; or (iii) that he is unable to pay the
fee or cost charged for certification.

Fees charged must be reasonable.

Membership in groups or organizations sponsoring
standardization programs must be open to all
competitors, domestic or foreign.

Due process must be accorded all parties
interested.

Standards and certification programs, unless
otherwise clearly reguired by considerations of
safety, may not be used to reduce, restrict, or
limit the kinds, quartities, sizes, styles, or
qualities of products.

The exercise of the responsibility of validating
any proposed standard should include a
determination by a laboratory independent of those
immediately affected that criteria are meaningful
and relevant.

The function of determining whether any gproduct is
to be certified should be performed Lty an
organization independent of those immediately
affected by such programs.

Representations must be truthful.

In cases involving a challenge to standards, the
burden of proof is upon those who develop and
enforce the standards.

All standards must ke voluntary.

Certification programs should avoid the use of
single standards, "pass/fail" systems and employ
graded systems which preserve consumer and user
options.
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However, in 1952 Congress ianstructed the Department of
Defense to standardize by doing what iter 10 above states
should not be done. This subject is discussed in depth in
Chapter 3, Section 3.2 to which the reader is referred.

4.2.4 THE_CONGRESS

On June 11, 1976, Senatcr Akourezk introduced S.3555,
titled, "The Voluntary Standards and Certification Act of
1976". The purpose of this legislation was to place

certification of voluntary standardization under federal
government control.

The primary thrust of this kill was to estaklish a
system whereby no private organization is authorized to
conduct activity in standards development or certification
until it has obtained a certificate from the Department of
Commerce that it meets the requirements in the bill and
complies with the pertinent Federal Trade Comm!ssion rules.

The procedures which standards organizations muct

follow to achieve certification urnder this bill would
include:

1. Adequate notice of standards developrent;

2. Opportunity for interested persons tc present
views during standarcds developrent;

3. Balanced standards development committees;

4. Right of appeal of any action, preliminary or
final;

5. An appeals body which is
a. competent, technically and adrinistratively;
b. independent and impartial;
c. able to cause revisions;
d. fair and exreditious.

The procedures which certifying organizations must

follow to receive certification under this bill would
enconpass:

1. Uniform provisions to ensure fair, okjective
testing, inspection, and certification;

2. Consideration of equivalent factors in certifying
items;
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3. An appeals body similar to that required for
standards development;

4. Putlication (once certified) of the existence and
procedures of the organizations.

As noted above, requirements for standards should,
follow rules to ke set by the FTC, as well as operational
rules for enforcement relief and remedies.

This bill would have a profound effect on the voluntary
standards system, most important of which could ke its
influence on the extent of the voluntary effort which goes
into the present system. This would be very difficult to
assess before the fact. It is, in fact, the basis for a
study of its own.

The major part of the present voluntary systen meets
the requirements proposed in this law, particularly the part
of the system that would be involved in the relations
ketween DoD and the voluntary system. There is therefore no
reason to reconsider the recommendations of this report in
light of this recent development.

Legislative activity in this area is still pending; no
definitive action has been taken at the time of puklication
of this report.

4.3 FEDERAL_STANDARDS_ACTIVITIES

Following is a brief description of the inmportant
standards activities of the federal government, leaving the
DoD until last for detailed discussion because of its
particular relaticnship to this report. Detailed
presentations of the other agencies are given in Appendix J.
Also, there exists a Federai Interagency Committee wn
Standards Policy, established in 1968 and descriked in
Appendix I. It is for the purrpose of wider and sharper
government focus on standardization matters and for the
purpose of providing more effective participatiorn Ly
agencies of the federal government in dorestic and
international standards programs. It should ke noted that
the influence of the federal goverrment, when it elects to
participate, on the voluntary standards systen is very
significant. It has an effect many times lar3j2r than its
proportional participation and it is welcomed in the
voluntary system.

0f the many nonmilitary government agencies involved in
standards activities, as more fully described in Appendix J,
the National Bureau of Standards plays the broadest role.
It is the rerository of and maintains the fundamental
physical standards in the United States. It is engaged in
supportive standards research and provides technical support

P
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to other parts of tne federal government as well as to the
st>_es. In general, it is a very active participant in the
yovernment and voluntary standards systens.

The Department of Labor, the Consumer Product Safety
Comrmission, the Department of health, Education and Welfare
(HEW) , the Nuclear Regulatory Commission (NRC), the General
Services Administration (GSA), the Department of
Transportation (DoT), the Environmental Protection Agency
(EPA), the Department of Commerce, and the Veterans
Administration (VA) have important standards activities both
for development and for use in requlation. These are
covered in some detail in Appendix J. See Appendix K for a
recent OMB circular that proposes implementation of some of
the recommendations of this report.

4.4 INTERNATIONAL

A review of the international situation on standards is
provided in Chapter 7 and in detail in Appendix H. The
following is a brief summary:

4.4.1 NATQO_ STANDARDS

The Congress is considering legislation as an amendment
to the Military Appropriations Bill requiring that equipment
prccured by the DoD for NATO "ke standardized and
interoperable with equipment of NATO allies." A State
Department study report estimates that $20-40 killion a year
is being wasted because of duplication and lack of
standardization of military equipment in the NATO stockpile.
Ic also affects the quality and versatility of the NATO
forces.

To the extent that standardization is increased in NATO
equipment, the aveilability of material and process
specifications, internationally recognized by NATO, becomes
increasingly important. This problem has already surfaced.
Metrication, important in itself, simply adds to the
problem.

For years, there has been, in fact, a NATO activity on
standardization of material specification. This has been
described with otber pertinent activities in Appendix H.

4.4.2 STANDARDS_AS NON-TARIFF_TRADE_BARRIERS _(NTTB)

An international "Code of Conduct" for the formulation
of standards and acceptance of material has been proposed Ly
a GATT! Working Group in an attempt to deal with this type
of Non-Tariff Trade Barrier. Product standards can often ke

1 See 7.5.
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very effective NTTB's and constitute an appreciable part of
the official complaints. The Common Market and its
associated groups have set up a separate European
coordinating committee for electrical standards which is
working through the IS0 and the IEC to unify the European
position. 1In addition to the unification of standards,
there must be the harmonization of testing, inspection, and
other procedures to eliminate this type of non-tariff trade
barriers (NTTB). How this will affect the United States is
unclear. Difficult and onerous rrocedures are still present
for U.S. producers to follow before selling in the Common
Market. The GATT "Code of Conduct" should ameliorate some
of the difficulties, but the outcome is not clear.

Progress in solving these problems will be slow until
the United States makes its own intentions clear. U.S.
international activities are carried out primarily through
ANSI, kut neither government nor industry has given ANSI the
support it needs to do an effective job.

4.4.3 THE USE OF INTERNATIONAL STANDARDS IN THE U. S.

The use of international standards in the United States
is beginning, principally by multinational corporations, but
needs considerable support, particularly in the developrent
of these standards. Many U.S. standards are, in effect,
international standards by reference, but new international
standards are bkeing developed with only minimal input from
the United States. As is mentioned elsewhere in this
report, there is need for government financial and manpower
support of this essentially voluntary effort in the United
States, similar to existing government support of standards
activity in the rest of the industrialized world.

4.5 DEPARTMENT_ OF DEFENSE_(DoD)

The DoD is one of the largest procurement agencies in
the U.S. Government. DoD policies have an important
influence on the economy as a whole and, in particular, on
those companies and industries which adapt to serve it.

DoD goods are covered by a kroad spectrum of material
and process specifications. The requirements for critical
military applications are unique, and Dol has and must have
complete responsibility and authority to get what it needs.
On the other hand, a significant part of DoD procurement is
not of a critical nature and these items could be bought at
considerable savings by using voluntary standards. This has
keen recognized in the Department and several directives,
boards, and panels have been established to deal with the
situation. The most important of these groups, the Defense
Materiel Specifications and Standards Board (DMSSB), has the
responsibility to interface between the DoD military
specifications and standards system and other government
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departments as well as with the private sector. An
additional incentive to utilize the voluntary system comes
from the decrease in constant dollar funds available for
specifications and standards work in the various rarts of
the DoD. However, since the number of availakle goverment
man-years for standardization work has decreased, it seems
that the importance of standardization work has a lower
priority for resource allocation than other areas, and a
fortiori DoD must turn to the voluntary standards system to
meet its needs.

Since a very large proportion of government
procurements must ie based upon specifications, it is quite
natural that the system for the generation and maintenance
of specifications and standards, as well as the procedures
for their use, is well developed within the governrent.
Procedures have been developed for coordination within the
DoD, as well as to encourage and carry out the shift from
ZoD dz uments to those of the voluntary system where this is
possible. Considerable progress has already keen made in
steel and aluminum under Department of Defense Instruction
iDevelopment and Use of Non-Gouvernment Standards," (Federal
Register, Vol. 41, No. 148, pages 317, 318, July 30, 1976).

To review the system briefly (see KWppendices F-1 and F-
2 for details).

MIL-STD-962, 22 Sept. 75, provides the outline of fornms
and instructions for che preparation of military
standards and military handtooks.

MIL STD-961, 22 Sept. 15, provides the outline of forrs
and instructions for the preparation of srecifications
and associated documents.

Specifications_and Standards: _Generation_and
Publication AMMRC, Watertown. In Appendix F-1 are
discussed policies and rrocedures involved in the
system for specifications and standards. Of particular
note is the chart of the Defense Standardization
Program (DSP) shown in the klock diagram (Figure 1)
which indicates the coordination functions as well as
the lines of responsibility. A second bluck diagram
(Figure 2) shows the flow chart for Fully Coordimnated
Standardizatior Documents.

DoD_Single Stock Point (DoD/SSP) has Lbeen set up to
list the requirements of the interested parties in
specifications and standards so that anyone concerned
will be notified of changes and cancellations. It
should ke noted that literally thousands of documents
are involved in this cormunication syster wher changes
are made.
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SL-1 Standardization Directory lists standards together
with the responsible agencies and participating
activities.

The_Qualified Products Lists (QPL) for certain types of
specifications have been set up to simplify procurement
of those items which qualify. Once on the list, the
specifications are determined and purchasing documents
are simplified. DSP-SD6 describes the Provisions
Governing Qualification. While the qualification tests
are intended to be paid for by the supplier, in
general, this is not the case, and the DoD defrays the
cost. There has been criticism of the difficultyv of
getting products on the list and the extensive testing
required.

This listing has keen brief and non-critical. The DoD has a
system for handling specifications and standards which is
operable and which is operating. Some of the details are
peculiar to the military and change could be disastrous or
very expensive. Other details can ke subkjected to scrutiny
to make sure that not only in the systems but also in the
procurements there is not over-designing. The DMSSB is in a
particularly good position to cause the details of the
system to be reviewed and to provide for further acceptance
of the standards from the voluntary syster.

4.6 THE PRESENT VOLUNTARY STANDARDS SYSTEM

4.6.1 INTRODUCTION

As noted earlier, in the United States most nationa!l
standards are generated through a loosely knit voluntary
system comprising government and industry, producers and
consumers, institutions, and individuals. The system is
called "voluntary" for two reasons. First, participation in
the system by the many interested parties is voluntary.
Second, the standards produced by the system usually are
intended for voluntary use. However, many standards
prepared for voluntary use have Leen made mandatory by
governmental bodies, and some parts of the voluntary
standards system now provide special procedures to develop
standards for purposes of governrent.

4.6.2 SOURCES OF_ STANDARDS

There are several hundred organizations in the United
States engaged in voluntary standards-making activities.
They include branches of government, professional and
technical societies, manufacturing and non-manufacturing
trade associations, public service and consumer groups, and
testing and inspection bodies.
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This is a heterogeneous array of standards development
organizations, and it comprisec a cvetom that operates with
a highly complicated, and sometimes overlapping machinery.
The standards produced by some elements of the machinery
attain national and, often, international acceptance as a
result 6f the broad-based consensus procedures used to
develop and approve them. Standards produced tky different
parts of the systen assure varying kinds of consensus, and 4
most of them satisfy quite well the needs of the sectors for
which they were developed. Many of these standards are |
quite parochial in both development and use, but despite ;
this, they can be (and often are) fed into another part of i
the system for accreditation on their own, or for blending
with other inputs, to become nationally accepted standards.

JENETPTRVERRE S

Each organization in the U.S. voluntary standards-
making system has developed its own standards-raking

machinery through experience and has tailored the machinery
to fit its own scope and objectives.

These organizations may be classified into several
grours.

4.6.2.1 BODIES_CONCERNED EXCLUSIVELY WITH_ STANDARLS

Two organizations in the United States are concerned
exclusively, or nearly so, with the prevaration, approval,
and putlication of voluntary consensus standards. These are
American National Standards Institute (ANSI) and American
Society for Testing and Materials (ASTM). The Standards
Development Services Section (SDSS) of the National Bureau
of Standards (NBS), U.S. Department of Commerce, has a
similar function and so do major parts of other
organizations, a typical one being the Codes and Standards

Division of the American Society for Mechanical Engineers
(ASME) .

ANSI is also concerned with the well-teing c¢f the total
system. It seeks to accomplish this through procedures for:

Certification of standards-making processes of
other organizations;

Initiation of new standards-making projects;

Examination of standards prepared kty others to
determine if they meet the requirements for a
consensus of interested parties to an extent

suitakle for approval as American National
Standard;

Representation for the United States on
International Standards Committees (IS0, IEC).
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ANSI also organizes and supervises conmittees that
prepare standards for approval under the ANSI procedures.
Usually ANSI does this only at the request of several of the
affected parties or when it concludes that no other
organization is suitable to carry out the work. Almost 25
percent of the American National Standards currently come
from these committees,

ASTM was incorporated for *"the promotion of knowledge
of the materials of engineering, and the standardization of
specifications and the methods of testing." In 1971 a
modified scope was adopted, “the developrent of standards on
characteristics and periormance of materials, products,
systems, and services; and the promotion of related
knowledge." It is now concerned almost entirely with the
preparation of standards and with the well-being of the
voluntary standards system. It is the source of more than
half the existing American National Standards approved by
ANSI.

The Standards Development Services (SDSS) of the
National Bureau of Standards manages the Voluntary Product
Standards program established ky Part 10, Title 15, of the
Code of Federal Regulations. It develops standards under a
prescribed consensus procedure. An important criterion for
undertaking the development of a standard by SDSS is that
the standard "cannot be processed according to the needs or
the desires of the proponent group or kty any other private
national standardizing body."

4.6.2.2 TRADE ASSOCIATICNS

Trade organizations either produce or review and
coordinate voluntary standards that usually are a consensus
of only trroducers or suppliers. The standards may cover
safety, interchangeability, test methods, and cther product
characteristics which the association merxbers Lelieve are
technically desirakle to standardize. They descrike what
the industry is prepared to supply, but often they may
require a sophisticated purchaser to understand them. 1In
some cases, users of the product are akle to participate, at
least to some extent, in the developrent of the standards.
In other cases, the associations work with user
organizations in specification development (e.g., Aerospace
Industries Association reviews of NASA and DoD
specifications). A number of trade association standards
have gained national acceptance.

Some of the trade associations that have groduced
sukstantial numbers of standards include the Arerican
Petroleum Institute, Association of American Railroads,
Electronic Industries Association, Manufacturing Chemists
Association, the National Electrical Manufacturers
Association, and the Institute of Printed Circuits.

P
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4.6.2.3 PROFESSIONAL_ AND_TECHNICAL ORGANIZATICNS

Professional societies in the scientific and
engineering fields usually have keen organized to advance
their professions or the branch of science or engineering
with which they are concerned. Many of the standards they
develop are of the technical, nonproduct, noncommercial type
(nomenclature, graphical symbols, test methods). Many
others deal with processes, materials, and conponents of i
interest to the profession. Usually only memkers of the
society can serve on the committees that develop these
standards, but the society memkership may be representative i
of producers, users, academia, government, and other E
interests. Some societies, e.g., the Society of AutomotiVe :
Engineers (SAE), do not require membership. Scme societies ;
achieve an excellent balance of interests on their 3
standards-developrent committees.

The professional and technical organizations
contributing the most standards to the system are the
Society of Automotive Engineers, American Concrete
Institute, American 0Oil Chemists Society, American Society
of Agricultural Engineers, American Society of Mechanical
Engineers, Institute of Electrical and Electronics
Engineers, and the Technical Association of the Pulp and
Paper Industry.

With respect to the American Society of Mechanical
Engineers, its Codes and Standards Division prepares the
well-known Boiler and Pressure Vessel Code that is now
referenced in the laws of most states, most large U.S.
cities, and all the Canadian provinces. The ASME Codes and
Standards Division is also responsible for 40 performance
test codes for turkines, combustion engines, and other large
mechanical equipment.

With respect to the Society of Automotive Engineers,
the Aerospace Materials Division is the primary source of
voluntary nongovernmental materials specifications (AMS)
used in the aerospace industry and to a substantial degree
by the DoD and extensively in foreign countries.

There are some smaller organizations concerned almost
entirely with voluntary standards. Some typical examples
are the Industrial Fasteners Institute, Insulated Power
Cable Engineers Association, and Manufacturers
Standardization Society of the Valves and Fittings Industry.
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4.6.2.4 OTHER ORGANIZATIONS

There are a number of standards-making organizations
that cannot be classified into any of the previous groups.
Several are of major significance:

National Fire Protection Association (NFFA)
Underwriters Laboratories, Inc. (UL)
Factory Mutual Engineering Corporation (FMEC)

Building Code Organizations.

4.6.2.5 OTHER SOURCES_OF STANDARDS

There are two other imwportant sources of standards that
should be recognized: (1) single company standards, and (2)
purchase specifications.

4.6.3 CONSENSUS_AND THE_VOLUNTARY STANDAL™S_SYSTEM

4.6.3.1 INTRODUCTION

A basic principle of standards developrment, supported
by both theory and experience, is that a standard will be
used voluntarily only to the extent that it serves an
identified need, and only if it has considered the views of
all those who share that need. It follows that the degree
of acceptance depends on the procedures used to develop and
aprrove the standard. Consensus has become the keystone
about which procedures designed to assure maximunr voluntary
accertance of standards are asserbled.

During the last few years the type of consensus used in
approval of voluntary standards has been under scrutiny by
several federal agencies. The examination is keing directed
at the organizations claiming a consensus of all interests,
and also at those whose standards were not intended to
represent a broad consensus but are actually used Ly or
applied to groups having no part in their development. Some
federal agencies gquestion the claims of proper balance of
interests in the standardc development and also suggest that
any consensus guarantees an inferior standard ("lowest
common denominator") .

4.6.3.2 DEFINITION OF A_CONSENSUS STANDARL

A consensus standard is a standard produced by a Lody
selected, organized, and conducted in accordance with the
procedural standards of due process. In standards
development practice a consensus is achieved when
sukstantial agreement is reached by concerned interests
according to the judgment of a duly appointed review
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authority. Full consensus means that all parties concerned
were involved in the dcovelspment of the standard, not just a
review of the final standards documents.

4.6.3.3 DUE_PROCESS

The standards of due process are the general ones of
equity and fair dealing and include:

1. Timely and adequate notice of a propcsed standard
undertaking to all persons likely to be materially
affected by it.

2, Opportunityv of all affected interests to
participate in the deliberations, discussions and
decisions concerning both procedural and
substantive matters.

3. Maintenance of adequate records of discussions and
decisions.

4. Timely publication and distribution of minutes of
meetings of main and subcommittees.

5. Adequate notice of proposed actions.

6. Meticulously maintained records of drafts of a
proposed standard, rroposed amendments, action on
amendments, and final promulgation of the
standard.

7. Timely and full reports on results of balloting.

8. Careful attention to minority opinions throughout
the process.

4.6.3.4 REVIEW AUTHORITY

Consensus i3 important in the acceptance of voluntary
standards by government todies for mandatory use. If the
consensus for the voluntary standard is sufficiently broad
to cover all parties affected ty a needed mandatory
standard, there is no reason why the voluntary standard
cannot be at least the major input in formulating the
mandatory standard. A standard with limited consensus may
be less acceptable, and may have recommendations, advisory
parts, or options that are not suitable for a randatory
standard. On the other hand, the voluntary standards system
is capable of producing standards especially for mandatory
use if it is given proper guidance by the governmental
authority that wants the standard. It should ke rememkered,
Lhowever, that the voluntary standards system generally
produces standards for voluntary use. Only a governmental
body can make a standard mandatory in a legal sense.
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4.6.4 EVALUATION

The Voluntary Standards System of the United States has
some flaws. Most important are probably that in some cases
it may be too slow; that there is some duplication of
effort; and that it is fragmented.

On the other side of the coin, the Voluntary Standards
System has responded quickly when the need has been
recognized. Further strengthening of ANSI would give it the
akility to discourage duplication of effort and to organize
the large number of smaller contributors.

But most important, there is a large reservoir of work
already done and talent available for further work and this
talent would be willing and able to carry out new programs
with appropriate DoD participaticn. Appendix E gives a more
detailed appraisal.

4.7 INTERACTIONS BETWEEN THE GOVERNMENT AND THE_ VOLUNTARY
SYSTEM

While there is a great deal of interaction Lketween
government agencies and the voluntary standards system, the
quantity and quality vary widely even within a particular
agency. Some segments of government must write their own
standards and specifications, for example, special military
applications; while others could do it either way, for
example, EPA, NRC, CPSC. Others rely to the greatest extent
possible on the voluntary system and support it fully, for
example, NBS. It is not the purpose here to offer a
critique. However, government agencies in general could
utilize the voluntary system to greater advantage Ly
supporting its activities in principle and by active
participation in the work.

The effort to carry this out has already started in the
DoD. As pointed out in Section 4.5, progress has keen made
in aluminum and steel. This is only a beginning and the
results should encourage further activity. (Also see
Appendix K, OMB Circular). Utilizing the voluntary
standards system more widely will not be an easy task. It
is not as simple as putting new numbers on present standards
and specifications. It will require technical input from
both sides to make sure that the essential DoD requirements
are nmet. The magnitude of the voluntary standards effort
and the problem of adequate DoD participation in it are
covered in Chapters 5 and 6.

4.8 CONCLUSIONS AND RECOMMENDATIONS

It is apparent that the numerous voluntary standards
writing groups, together with Dol and non-DoD government
agencies, are all presently adding to the proliferation of

T |

| —
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standards and specifications in our society. There is
urgent need to address the cost, methods of operation,
specification obsolescence, timely availability of
specifications, duplication and overlap of the complex group
activities of the many different standards-originating
organizations; and to address the complexity, confusion, and
cost imposed on the users of the documents. In particular,
it is essential to incorporate advance planning to provide
better organization and direction to these now widespread

ef forts.

Specific examples of materials and grocess
specifications, standards and test methods are discussed in
Appendix D to illustrate some of the protlems and concerns
of the industry-users of dccuments generated by (a) DoD, (b)
organizations in the private sector, and (c) government
agencies other than DoD. Appendix D is not intended to be 1
critical of any agency, organization, or society; nor is it
intended to present solutions to highlighted protlems.
Rather, Appendix D shows typical specification/standard
problems that now exist.

RECOMMENDATIONS

DoD should accelerate and expand its acceptance and
usage of applicable ASTM and AMS documents for materials,
processes, and test methods and list themr in DoDISS in lieu
of the now listed MIL and Federal specifications for
materials, processes, and test methods.

DoD should strengthen its participation in voluntary
standards development organizations (national and
international) and urge its contractors to do the same.

A study should ke performed to determine the need for,
and how best to prepare process specifications; including
philosophy, approach, format, and other guidelines.
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CHAPTER 5

PROBLEMS_AND_OPPORTUNITIES

5.1 INTRODUCTION

The preparation of duplicate standards by the many
voluntary groups described in Chapter 4 and by the
Department of Defense is time consuming, costly, contrary to
good resource management and inefficient. According to
Meiselman!, more cooperation between the private sector and
DoD is needed to conserve the resources now being expended.
The rroblem is how to develop a method for achieving this
greater cooperation to reduce and, where possible, eliminate
overlap and conflict. This problem is especially acute in
the field of materials ané process specifications and
standards. This NMAB committee, as previously indicated, is
charged with the task: "to deliver an optimum glan for the
generation, implementation and improvement of DoD materials
and process specifications and standards which would
utilize, if possible, the resources and organizations in
existence and with due consideration of other asgects of
National Standardization Programs."

In Chapter 3 the committee attempted to portray the
role and significance of specifications and standards. It
has presented in Chapter 4 the present situation pertaining
to specifications and standards generation and publication,
the procedures utilized, the coordination carried out, the
organizations invoived, in both government and industry, in
this vital area of materials and processes. Charter 6 will
attempt to quantify the costs involved in these and related
activities. This chapter will deal with the problems that

exist in the current system and opportunities to relieve
them.

It has long keen a stated policy, as has Lkeen discussed
in Chapter 3, that the DoD Standardization Program
irplements the following:

"Specifications and standards of nationally recognized
industrial organizations and technical societies shall
be used in the development and design of material, and

specifications and standards to maximrum extent
practicable. Duplication in the military services of
industry standards is to be avoided." And, "it is the
policy. . .to adopt industry standardization documents
in lieu of preparing military or federal documents when

1 Meiselman, Harry - Proposed: A National Standards
Program, Defense Management Journal, April 1975; p. 52.

45
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they fully satisfy the needs. . .with resgpect to
content and have been coordinated in accordance with
established procedures."!

The following section briefly describes the historical
background and the salient relevant directives and studies.

5.2 HISTORY CF DoD STANDARDIZATION ACTIVITIES

The DoD history of directives, manuals, and other
documents to implement the stated standardication programs
reflects many changes in the past ten years.

In April 1965, DoD Directive 4120.3 established the
Defense Standardization Program (DSP). In April 1966,
Defense Standardization Manual (CSM) 4120.3-M was
estaklished t> implement that directive.

DoD Directive 5500.2 was issued in May 1968 to
"establish policies governing the participation of liaison
representatives of the Department of Defense in the
activities of private or nongovernment organizations or
associations, including technical and professional
societies."

DoD Directive 4120.3, dated June 1973, ingplemented the
January 1972 DSM 4120.3-M that superseded the issue of April
1966.

The June 1973 DoD Directive #4120.3 established the
Defense Materiel Specifications and Standards Office (DMSSQ)
and the Defense Materiel Specifications and Standards Board
{DMSSB) *. One of the objectives of this directive states in
part, "--preventing the preparation of duplicative and
overlapping descriptions of materiels and services (e.g.,
specifications, purchase descriptions and drawings for
materiel, test procedures and limits) ;--".

1 See reference 1. Chapter 3, page 12.

* It is understood that DoD Directive 4120.3 is in process
of reissue as of 1977.
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A memorandum! addressed the application of
specifications and standards. It stated in part, "The main
cause of cost escalation was identified to be in the
application, interpretation, demonstration of corpliance and
enforcement of specifications and standards in Requests for
Proposals (RFPs) and contracts. This, therefore, is a
fertile arena for effective cost reductions in the
acquisition process." Certain documents were labled as
"cost drivers."

In September 1975, portions of DSM 4120.3-M were
cancelled and the following superseding items were issued.

MIL-STD-961, "Outline of Forms and Instructions for the
Preparation of Specifications and Associated
Documents", 22 Sept. 75 (supersedes Chapter V in
DSM 4120.3-M).

MIL-STD-962, "Outline of Forms and Instructions for the
Preparation of Military Standards and Military
Handbooks", 22 Sept. 75 (supersedes Chapter VI in
DSM 4120.3-M).

Recognizing that a specification is a comglex docurent,
DMSSO in December 1975 issued DMSSC-GB-1, "DorLr
Specifications Development Guide (History, Purgose,
Disciplines and Techniques)."

DMSSO-GB-1 states in its Foreword: "In the acqguaisition
of today's complex military weapon systems and hardware, an
essential ingredient of the procurement process is a quality
specification---. It is paramount that the specification be
technically complete, free of vague and ambiguous terms and
using the simplest words and phrases that will convey the
intended meaning."

A DMSSO memorandum in Decemker 1975 addressed the
suktject of "Development and Use of Non-_osvernment
Standards", stating that DoD "is placing increased emphasis
on the use of commercial products and the use of common
commercial items in the manufacture of rilitary materiel.
One method for achieving this objective is to facilitate the
use of specifications and standards developed by nationally
recognized standard bodies which mainly serve the private
sector. Closer coordination and cooperation between the DoD
and nongovernment groups will enhance the availability and

1 Clements, W. P., Memorandur for the Secretaries of the
1ilitary Departments, Subject: "Specifications/Standards
Anplication," The Deputy Secretary of Defense, Washington,
D.C. dated August 4, 1975.
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applicability of nongovernment standards to DoD use. Also a
major objective is to reduce overlapping, duplicative and
conflicting documents generated separately by the DoD and
industry groups. In the br..ad picture, the concept is a
move toward a national voluntary standards program®.

DoD Instruction 4120.20, dated 28 December 1976,
officially sets forth the DoD policy on adoption of "non-
government specifications and standards developed Ly
nationally recognized standard-setting organizations."

Another study was conducted under the Defense Science
Board (DSB) by a Task Force known as the "Shea Committee".
That study addressed the impact that specifications and
standards have on the costs of DcD procurerents.

5.2.1 COMPLEXITY AND SIZE OF FKCBIEM

The committee concludes that the preceding directives,
although expressing desirable objectives, have not been
adequately implemented, presumably kecause of shrinking
budgets and insuffient manpower. A further imrpediment has
been inadequate coordination both within the vocluntary
system and between DoD and that system.

It is in the context of this DoD activity that the
committee reviewed the problems and now delineates the
opportunities for enhancing the generation, preparation and
implementation of specifications for materials and processes
and test methods consistent with DoD and industry needs.

The aerospace industry will be used to keep the discussion
in focus because of its high level of engineering
sophistication and urgent need for high quality stznadard
specifications.

5.3 OVERALL_VIEW OF THE PROBLEMS IN MATERIALS AND_ PROCESSES
SPECIFICATIONS AND STANDAERDS

5.3.1 DECLINE IN DoD ACTIVITY

The Department of Defense has been fortunate in having
over 4,000 materials and process specifications available
for the purpose of ensuring that the standardization effort
in the DoD is consistent with the procurement of military
hardware that meets the performance, reliability and life
expectancy of the using Services. However, because of the
declining manpower and financial resources allccated to the
generation and maintenance of these specifications and
standards, and with the increasing sophistication of the
newer weapons systems, the ability of the Services to meet
the needs of standardization in this area is declining. For
these reasons a number of problems, some of which are
detailed below, have arisen. This suggests, as one
alternative, that the Services should lean more heavily on
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the voluntary specification development organizations, as
has Leen suggested by the studies and LoD Instruction
4120.20.

5.3.2 UTILIZATION OF VOLUNTARY ORGANIZATIONS

The thrust of these studies and the DoD directives
would make it appear that a rapid changeover to the use of
specifications and standards developed through the voluntary
organizations would be easily implemented. However, there
are a number of problems that must be solved before such a
changeover can be fully implemented.

5.3.3 DEVELOPMENT OF DATA BASE

There exists a need for a data base of meaningful
properties to include:

{1) A means of generating material property data.

(2) A proper format to display data generated in major
DoD programs so that all meaningful data is
available.

(3) A long term program of RE&D to develop property
data on new materials thereby expediting the
introduction of new materials and process
technology to the newer weapon systems.

5.3.4 ESTABLISHMENT OF TEST AND INSPECTION PKOCEDURES
{See 5.9)

There is a need to ensure that proper and meaningful
test procedures and inspection techniques are validated
pricr to incorporation in specifications in order to ensure:

(1) That the specification requirements are being met.

(2) That processes delineated in the specificatiocn are
properly carried out, and

(3) That proper nondestructive inspection techniqgues
are prescribed.

5.3.5 NEED FOR_IMPROVED COMBINATION OF PROPERTIES

Existing design allowables and other specifications do
not always express the optimum oktainable for a particular
material. Where there is a need for inproved mechanical
properties for design and enhanced structural integrity, it
is sometimes possikle to obtain them, for example, by such
means as closer chemical control, different processing,
and/or changes in heat treatment. Such improvements must be
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reflected in the relevant handbooks and specifications and
must not be later downgraded (see 5....).

5.3.6 AVAILABILITY OF MATERIALS

The effect of materials and process specifications in

1 inhikiting the availability of materials is being considered
ky the Navy!. This is part of an on-going analysis of
materials requirements for military purposes in which the
amount of the various materials are listed for different
weapons systems.

Programs have been set in motion to eliminate non-
essential contractual requirements of specifications and
standards in RFP's and subsequent contracts. These are
similar to a value analysis for each item in the
specification.

5.3.7 ADDITIONAL_CONCERNS AND_PROEBIEMS

In addition to the foregoing, the following aspects are
discussed in detail kelow:

. Proliferation of specifications and standards and
the reasons therefor.

. Manpower.

. Technical reliability of documents.

° Relevance of specifications to DoD needs.
° Shortages and Substitutions.

. Unification of Extant Multiple Systens.

5.4 PROLIFERATION OF SPECIFICATIONS_AiID_STANCARDS_AND_THE
REASONS_THEREFOR

5.4.1 PRIORITY IN THE SELECTION OF SPECIFICATIONS

Proliferation of Department of Defense specifications
results from several factors. A major reason is subtly
differing requirements for differing military end-usage.
Specification usage priority among available specification

——

! E. J. Dyckman, Communication dated 16 July 1975.
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systems is governed by MIL-STD-143, which assigns highest
priority to Federal and Military Specifications. However,
many years ago the aircraft powerplant manufacturers
docurericed the need to have their military meterial and
process specifications under their control. By what is now
MIL-BULL-343, they were given greater freedom to use
industry-generated and individual company specifications.
In the aerospace industry a need to have closer industrial
control of specifications resulted in the estaklishment of
the coordinated industry-generated aerospace mwaterials
specifications under the aegis of SAE. It should ke noted
that MIL-BULL-343 is inconsistent with MIL-STD-143,
Further, the literal inplementation of MIL-STD-143 can
result in a more costly or less reliable product. This
major hierarchical document (MIL-STD-143) actually
encourages through necessity the preparation of a large
number of duplicate company documents. We recommend that
MII-STD-143 ke rewritten to encourage the develorment by all
specification writing activities of non-~redundant
specifications for a specific tyre of application; and
discourage the generation of in-house private specifications
by individual users of materials.

5.4.2 LACK_OF COORDINATION

There is an increasing tendency toward release of MIL
specifications which are not fully coordinated among the
Services so that the separate Services are creating
specifications of similar requirements but which differ
slightly from Service to Service. This not only
proliferates specifications but creates inventory and other
problems and increases equipment costs for contractors
supplying equipment to two or more Services. The
specification-preparing activities of non-DoD agencies
within the federal government are also contributing to this
problem. An example of this is the riiitary specification
(MIL-H-81200) for heat treatment of titarium, and a similar
specification relzased by NASA Marshall Sypace Fiight Center
requiring different time and temperature conditions for
attaining the same ené results. Sometimes economic
consideratiuns dictate minor differences among otherwise
identical specifications.

5.4.3 OBSOLETE AND_ ALTERNATE_ DOCUMENTS

The U.S. Government, as a buyer, purchases large
quantities of materiel to some sort of specification of
requirements, and acceptance or rejection of the materiel is
contingent upon inspection for coipliance to the relevant
specification. The kurden of this inspection, within the
Department of Defense, usually falls in the Defense Contract
Administration Services Regional (DCASR) Office. There are
mary problems associated with an inspection function of this
corplexity and size; one of these contrikutes to
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proliferation in the following sense. When changes have
occurred in specifications during production runs or when
oksolete specifications are the only ones available to the
DCASR or when, for other reasons, a specification is
incorrect for a particular usage, then the contractor calls
out a company or other, e.g., SAE or ASTM, specification and
cites it as 'Yused in lieu of" the prescribed military or
federal specification. DCASR has the burden of resolving
the problem of the resulting deviation from the official
documentation.

5.4.4 USE_OF COMPANY SPECIFICATIONS_ AND_STANDARDS

5.4.4.1 CUSTOMIZING_COMPANY NEEDS

Government specifications are, generally speaking, more
frequently attacked and circumvented than industry
specifications because of the tremendous pressures which are
brought to bear, on the one hand, ky suppliers penalized by
too tight a specification that will be used for many diverse
and unintended applications, and, on the other hand, by
users who want stringent controls for their critical
applications. As a result of this, waivers are granted by
the government to permit the use of company specifications.
This further proliferates the number of specifications being
used.

5.4.4.2 ABSENCE_OF GOVERNMENT SEECIFICATICNS

Generally, in a development contract some materials and
processes may be used that are not covered by LoD or
industry specitications. Specifications are written in a
company specification format which does not meet the
military specification format. Eventually, this contract
may go into a production phase, and, at this point, the
government asks, and pays, to have company paperwork redrawn
into a format suitable to the agency involved and to
eliminate all reference to company numbers.

Since specification formats, identifying numbers, and
interpretation of requirements differ among agencies (and
sometimes among segments of a. agency), several
specifications for the same item can result. This
proliferation occurs despite the efforts of each DoD agency
to avoid duplication.

Multiplicity of rormats and numkering systens is
confusing and costly. The opportunity exists to standardize
on a format and system of identifying numbers acceptable to
all agencies. In addition the opportunity exists for
government support to ke provided to a contractor's
personnel to work in the preparation of kroadly useful
specifications. r.rthermore, since the above operation
indirectly or dire-:tly involves government funds, the
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opportunity exists for more cost-effective support to
contractors personnel in voluntary standard development
grours.

5.4.4.3 COMPANY CONVENIENCE

Another cause of proliferation results from the fact
that in some cases it is easier to write a new specification
than to identify a sui.able specification from the plethora
of possibilities. Soldering specifications are illustrative
{see Appendix D). At one time, cne contractor had more than
thirty soldering specifications in his files. The situation
is exacerbated when there are coexisting coordinated
specifications, plus single service specifications, other
government specifications, industry specifications and
company specifications. To list all the soldering
specifications used by the government would be a large task
in itself.

5.4.4.4 DUPLICATION IN THE PRIVATE_SECTCR

It should be noted that there is competition among
technical organizations that issue specificaticns and
standards. This results in the issuance of voluntary
documents that replicate those issued by other nongovernment
and goverrment agencies.

5.4.5 STRUCTURING OF PROCESS_ SPECIFICATIONS

Nongovernment specifications are permitted for use on
DoD programs when so specified in the contract or as
approved by their inclusion in the DoDISS. These
specifications are quite acceptable for materials, but are
generally not acceptable for processes. Processes are also
a problem for government specifications. In the area of
heat treatment processing, for exarple, all aerospace firms
supplement in-house processing, as called out in MIL-H-6088E
and MIL-F-6875F, with their own heat treatment processing
specifications. This is necessary to accomodate particular
equipment, unique to the company or the plant processing the
material, and latest changes or inclusions of newer
materials in individual company process specifications. One
acceptable way of overcoming the problem might be to issue
performance specifictions in lieu of "how to" process
specifications.

5.4.6 ADVANTAGES OF COORDINATED SPECIFICATIONS AND
STANDARDS

Fully coordinated specifications, approved for use,
form a basis for procurement of materials used industry-wide
for production of DoD hardware. They also provide for mill
production of material to accepted standards at the lowest
competitive price. The concept of broad acceptance of
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coordinated specifications should be continued by the DoD
aiming at procurement of material made availakle by mill
producers at the lowest cost. Economy moves within the DoD
that result in reduction in efforts to maintain generally
accepted coordinated specifications could well prove to be
counter-productive in that procurement to comgany
specifications and other industry specifications with
special requirements could result in an overall increased
cost for procurement of military hardware,

5.4.7 SPECIFICATIONS FOR DIFFERING CUAIITY LEVELS

A present flexitility (not to be confused with
proliferation) is the ability to select materials procured
to a variety of government, industry, and comgany
specifications and standards. This provides for the use of
materials produced to the quality level required for each
specific application, such that over-specification is
avoided, and maximum economy can be attained.

In the 1940's and 1950's, both industry and government
deemed it appropriate to write Materials Specifications for
"production Categories" (i.e., Ordnance, Aircraft, Naval,
Civilian, etc.). A common material thus was covered by
specifications developed for its application area. The
various qualities and attributes necessary for a specific
type of application were emphasized; the various qualities
and attributes needed for other aprlications were de-
emphasized in a given family of "duplicate" specifications.
This led to the desirable industry position that one could
buy a material to a specification for his application
without over-specifying or under-specifying the material.
This "duplication of specifications" was viable and in the
kest interest of the country fror all aspects that our
modern society holds vital (i.e., conservation of energy,
ecology, conservation of resources, etc.). However, during
the years, the reasons for and the attrikutes of "duplicate"
specifications appear to have been lost sight of because of
the desire for universal usage for all applications of
material purchases to one specification. Such a
specification is usually not usakle except for the least
demanding use and, therefore, may not be cost-effective in a
real sense. The above use of specialized specifications
should not be confused with the production of truly
duplicate specifications with identical requirements or with
minor or unnecessary variations.

It is recommended that the validity of actually unigue
specifications be recognized, alkeit for the same
generically named material. These different specifications
are to be used in different specific applicaticns so that
material does not have over-specified or under-specified
qualities for the application involved.
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5.5 MANPOWER

By adopting a sizable numkter of technical society
specifications and standards, DoDISS makes available over
4,000 documents for materials, finishes, processes and test
methods. These documents are consistent with the
requirements of DoD hardware, even though some are
government documents and others are technical society
specifications and standards.

Table 4 shows the man-years and dollars invested
annually by DoD in specifications and standards. The numkter
of DoD man-years devoted to materials and process standards
is less than 50 percent of what it was 10 years ago.

Regardless of DoD directives that prescrike otherwise,
it is well nigh impossible to maintain currency in
government specifications for materials and processes with
only 96 man-years per year available to carry out the task
unless a high degree of coordination is maintained and
perhaps not even then. Perhaps a substantial measure of
mandatory cooperation must be instituted. The fact is that
currency has not been maintained.

This situation has cauvsed many contractors to turn
elsewhere for more up-to-date specifications with resultant
disadvantages such as increasing proliferaticn. For
example, this has led to increased use of SAE-AMS documents
which, in many cases, more adequately meet the current needs
of the aerospace industry.

It should be noted that a chain of reacticn is involved
here.

Most DoD contractors are required by governwent
contracts to use government specifications. Therefore, in
the interest of standardization and lower costs, they prefer
to use them on all contracts, resorting t» company
specifications only when actually necessary due to lack of,
or some fault with, a government specification. 1In some
cases a contractor will prefer to use a less appropriate
government. specification rather than get involved in
problems of justifying and obtaining approval for using more
suitable non-government specification.
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TABLE 4

ESTIMATED ANNUAL COST TO DoD OF PREPARING
GOVERNMEN'T SPECIFICATIONS AND STANDAKLS 1

Man Yrs./Yr. Devoted Cost/Yr. of
to Specs. & Stds. Specs. & Stds.
DorC All Materials All Materials
Dept. Specs.&Stds. §& Process Specs.&Stds. § Process
Specs.&Stds. Specs.&Stds.
Army 490 61 $ 12,000,000 $ 1,300,0002
Navy 555 23 17,210,000 690,000
Air Force 3 12 3 360,000+
Defense 1456 3,037,289¢
Sugply
AgencyS
TOTALS 1190 (plus 96 $ 32,247,289 $ 2,350,000
Air Force) (plus Air
Force)
Footnotes

g e

1, In addition to DoD-originated documents DoD has
purchased as an absolute minimum over 2.5 million copies of
the nmore than 1000 private sector documents listed in
DoDISS. Approximately 2500 copies of each document are
needed for internal DoD distrikution and shelf stock.
Industry users must purchase private sector documents
directly from the originating source, whereas government
specifictions are furnished to contractors free of charge.
2, FEkepresents 61 man-years per year.

3, Actual count unknown.

*. PRepresents 12 man-years per year.

S. [SA Centers, DPSC and DIPEC, prepare specifications and
standards. DESC prepares specifictions for Arny, Navy, Air
Force and GSA as agent.

6, About 20 of the DSA rar-years and $458,306 of costs
cover management aspects and standard preparation.
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5.6 TECHNICAL RELIABILITY OF DOCUMENTS

5.6.1 FAULTS

Faults in government specifications fail into two major
categories -- technical and editorial, both of which could
be eliminated by a review procedure if the government made
use of appropriately competent reviewers.

5.6.1.,1 TECHNICAL FAULTS

The technical adequacy of the specificaticns could be
maximized if all new and revised government specifications
were reviewed by technical experts in user-industries prior
to issuance, thus avoiding many costly situations that
currently occur in contractors' plants. To some degree,
such reviews occur now, but not on a properly organized or
sufficiently extensive basis. Comments via industry
coordination can normally be readily resolved, e.g., as
illustrated by the procedures used by the SAE/AMS. For
those few cases where an industry coordinated comment is
unacceptable to the preparing activity, resolution should
first be attempted with industry and, if unsuccessful, the
impasse would then be resolved by the government reviewing
activities listed on the final page of the pertinent
specification. This procedure would still provide final
control of the specification by the government Lut would
tend to eliminate most technically questionable decisions
which often prevent use of the specification as released.

5.6.1.2 EDITORIAL FAULTS

Editorial faults, such as, reversing type designations,
failure to assign proper identifiers to options, undesirable
changes, could be eliminated if the preparing activities
would insist on compliance with the requirements of Defense
Standardization Manual 4120.3-M, Standardizaticn Policies,
Procedures and Instructions. The obvious soluticn would be
to have all specifications checked and approved for format
and editorial content, including uniformity of expressions,
ty a DoD-estaklished review board prior to release. This
would not be necessary if MIL-STD-961 and MIL-STD-962 were
closely followed. The review koard used by SAE for its
aerospace documents has been used successfully for over 20
years and has entailed only minor delays in issuance of
specifications. ASTM and other groups use sirilar
techniques.

5.6.2 MECHANICAI PROPERTY DOWNGRADING

Another factor in technical reliability is the
downgrading of mechanical property values of rmaterials in
existing specitications after design allowable values have
been established, for example, in MIL-HDBK-5. It is true
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that downgrading can occasionally ke justified, particularly
when original specification values have teen based on
incomplete data. However, downgrading should not be
tolerated for the producers' economic reasons (e.g., to
increase mill product yields), particularly where design
allowables have Leen in existence without change for several
years.

An example of problems created ty downgrading occurred
in the changes from QQ-A-367F to QC-A-367G, Mechanical
Properties of Aluminum Alloy 7075 Hard Forgings. 1In
abandoning identification classification numbers based on
cross sectional area, the classification changed to a
thickness basis, reducing guaranteed tensile properties by
1,000 to 3,000 psi after the rarts were designed and in
production. This was a situation that would jeopardize the
strength of the parts. This change, when duly noted, forced
the use of company specifications to retain the
classifications and values of CQ-A-367F, in order to avoid
expensive reanalysis and redesign.

When changes that downgrade specifications are
unavoidable, the identification number of the downgraded
specification should be changed, to avoid inadvertent misuse
and to insure proper interchangeability.

5.6.3 INTERCHANGEABILITY

5.6.3.1 FORM, FIT, ANC FUNCTION

Even though there are rules on interchangeakility of a
part, these rules have been occasionally violated ky changes
to its specifications that result in non-interchangeability.
Some such changes have involved "form, fit and function."
Revising the specification language may also force a
contractor to change all drawings and associated documents
currently in use. These contractor document changes are
exrensive.

5.6.3.2 ELIMINATION OF MATERIALS

Some specification revisions have deleted materials ac
in the case of the current revision of MI1L-S-7720, wherein
the requirements for 303 stainless steel were eliminated.
In turn, this forced the ordering of the material to an
obsolete specification.

5.7 REQUESTS FOR SPECIFICATION REVISIONS AND_CELAYS_IN
CURRENT SYSTEMS

In all probakility, inadequate manpower (v. Section
5.5) and funding are the prime causes of the Services
inability to meet promptly the need for specifications for
new or improved materials and processes, or revisions of
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older specifications. Other rajor factors militating
against the timely availability of suitable specifications
are the confusion resulting from excessive proliferation
(see 5.4) and questions of reliakility (see 5.6).

Technical societies sometimes have scheduling and delay
problems. Requests for changes to technical society
(voluntary) speciiications and standards are rade directly
to the originating organization. Each society has its own
rules for handling direct requests and the rules vary among
the societies. Revised or new documents may be issued at
intervals of from a few months to a few years, depending on
society policy, extent of change, sophistication of subject
matter, degree of commitment of the committee workers (all
volunteers), and availability of data base to sukstantiate
the requested revision.

The opportunity exists for DoD to work withn the
voluntary writing groups to improve their response time.
One solution is to help fund the technical writing
specialists in their committee work, possibly through their
employers as DoD contractors. It is recommended that DoD
investigate possikle mechanisms for financial assistance to
expedite the preparation and issuance of needed
specifications and standards ty voluntary writing groups,
and estimate the indirect potential dollar savings resulting
therefrom.

DoD Form 1426 attached to the tack of each Military
Specification, provides an opportunity for users of the
docurent to request the issuing agency to incorgorate
specific revisions. Whereas, this is one way to identify
errors after publication of the document, many users report
that DoD response to Form 1426 is either slow or
inconclusive. The DoD reply often is: "When the document
is next revised or amended, due consideraticn will be
given... etc."™ This type of generality is not responsive to
the need, and forces the preparation of an in-house
specification or the use of a quasi-legal document like the
Engineering Purchasing Specification to define the
requirement. When a situation like this arises with a
company specification and hardware is rejected because of
it, one is bound to require an Engineering Change Directive
(ECD) 1 for correction. The local AFPRO! or NAVPRO! monitors
this commitment.

Ak

i

The opportunity exists for DoD to either improve its ]
specifications revision system so as to respond effectively
in a more timely manner to requests sulkinitted on Form 1426,
or to take advantage of the voluntary preparation groups as
discussed above.

1 See Appendix C.
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5.8 DATA BASE

5.8.1 AVAILABILITY OF_DATA

No specification is better than the data on which it is
based. It is important, therefore, that adequate data be
available for specifications. The ramifications of this
problem are discussed in the balance of this section.

Most DoD contracts for development of weapons systems
require that pertinent materials be fully characterized.
These data should ke guite adequate for specifications.
Unfortunately, there is no contract requirement for the
format of data presentation and too often the data are
scattered throughout development contract reports without
organization, so that it is difficult to collect the
information for use in specifications. It would seem
appropriate and it is recommended that contracts requiring
generation and reporting of data should also stipulate that
the data be presented in a useful and organized form, such
as in the format of MIL-HDBK-5. Cost of such reports should
ke funded by DoD. Regulations specifically prohibit the use
of standardization funds for data generation. Data
generation is considered to be part of materials develorrent
and is funded out of RDT and E moneys.

5.8.2 DATA_FOR METAILIC MATERIALS

5.8.2.1 GENERATION AND PRESENTATION OF DATA

When discussing the data kase for metallic raterials
specifications, it is essential to refer tn the confidence
level assigned to the data. MIL-HDBK-5, Metallic Materials
for Aerospace Applications, has specific guidelines for the
generation and presentation of data. This type of data is
also used in preparirg and maintaining the AMS series of
specifications for corresponding materials. Sirilar
guidelines are used by ASTM; for example, E-177, the
*Recommended Practice for Use of Terms Precision and
Accuracy as Applied to Measurement of Froperty of a
Material."

These guidelines represent the ideal conditions for
developing a data base for specifications. However, the
guidelines are expensive to implement and, as stated in
5.8.1, Defense Standardization Program funds may not be used
for the generation of such data. A typical data base for
developing a specification for a new material is illustrated
in Figure 3.

- e
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5.8.2.2 STEPS_IN THE DEVELOPMENT OF A SPECIFICATION DATA
BASE

When the RDTSE function identifies a candidate new
material for the design engineer, it must be validated in
the sense that the okserved properties which made it a
candidate are real and reproducikle, that it can and would
ke produced in production lot quantities by existing or
latent state-of-the-art technology, preferably by more than
one producer.

The candidate material that has emerged from this cycle
has, in all probability, been described in a series of
specifications called "Purchase Descriptions" or "pPDs."

This series of PDs represents a refinement process whereby,
starting from the research stage, as experience with the
material is gained, there is a constant feedback of test
results to provide the data base to support both the
estaklished requirements and quality assurance provisions
(tests) of the eventual specification. The requirements can
ke chemical, physical, mechanical, or functional. The test
rethods may be destructive or nondestruccive and a sampling
plan is essential. Development laboratory, pilot plant, and
production-engineering operations are involved in these
stages.

There is thus an iterative rrocess wherelky the data
base, through a series of PDs, is continuously expanding and
reing refined through the exploratory, advanced, and
engineering development phases. PDs are intended to be one-
time (single procurement) documents. The end of this chain
is the final "Specification" (as opposed to "PD"). The
material has now reached the stage where the purchaser can
institute full-scale procurement of production quantities
with some degree of confidence that the material will meet
specification requirements. Even in production the learning
cycle is not over, and feedback from quality assurance
functions and user experience provides an awareness of need
for change or refinements.

5.8.2.3 EVALUATION TESTS

The foregoing sequence of steps involves various
categories of evaluation. In 1970, an NMAB reportt detailed
an approach that would enable the Services, the producers,
and the materials engineers to decide upon the materials

t NMAB-246, "An Approach for Systematic Evaluation of
Materials for Structural Applications," National Research
Council, NAS-NAE, Washington, D.C., Fekruary 1970.
Available from NTIS, Springfield, Va. 22151, NTIS No.AD
705664,
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evaluation tests that must be performed for purgoses of
oktaining screening, selection, and design data for
structural applications.

The necessary tests are indicated by a system that
takes into account the system, vehicle, component,
environment, and operation criteria. The system is based
upon the preparation of a large number of application case
histories, the data from which must be recorded according to
a rigid format. The compilation of case histories makes ugp
what is called the Applications Analysis Data Bank. The
system can be coded so that the case history data can be
computer-analyzed to answer a number of pertinent guestions
for which answers are not easily obtainakle at present. A
complete materials evaluation system would consist of three
data banks: (1) Application Analysis, (2) Material
Properties (these now exist), and (3) Material Evaluation
Techniques.

A flow chart of how such a system can ke used to
evaluate materials for a new fighter aircraft is shown in
Figure 3 and indicates the material progerty data, testing,
and screening needed in advance of design to characterize
materials for such application to allow an optimum choice to
be made. The scope and complexity of an adequate technical
data base for a specification is evident.

5.8.3 DATA_FOR NONMETALLIC MATERIALS

5.8.3.1 PLASTICS

Most of the information for new or improved plastics
comes from industry sources. Most of the significant
engineering data is generated in support of MIL-HDBK-17 on
"Plastics for Aerospace Vehicles." The handbook contains
effective guidelines for the generation and presentation of
data. (Although the aerospace industry is being used to
focus the discussion in this chapter, other industries could
have been discussed pari passu.)

5.8.3.2 RUBBEK, EIASTOMERIC, AND GASKET MATEFRIALS

Most of the data is generated by the manufacturers.
Government laboratories participate in ASTM round-robin
testing of new materials. New elastomeric forrmulations are
identified using the ASTM D-2000-75 Standard: "System of
Classification of Elastomers for Automotive Applications."

5.8.3.3 PAINT, LACQUER, AND OTHER COATING MATERIALS

Information regarding new or improved coatings is
oktained from paint companies, new material manufacturers,
or users of the materials. To prepare a specification,
samples are obtained by government laboratories and
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comparable products are formulated and tested. Coating
materials are usually described by a combined performance
and composition specification. In recent years, OSHA and
EPA have had considerable impact in this area.

5.8.3.4 FUELS AND LUBRICANTS

As described in 5.8.3.1 through 5.8.3.3,, most of the
basic data are generated by industry.

5.8.3.5 STRUCTURAL_ CERAMICS

This is a new and emerging field. General testing
methods appropriate for metallic materials are not readily
adapted to testing ceramics. Test results are very
sensitive to test parameters. Correlation between test
results and performance has not yet been satisfactorily
demonstrated.

5.8.4 ROLE _OF VALUE_ENGINEERING

Motivated by a desire to maximize cost-effectiveness,
value engineering challenges the need and functionality of
anything used in implementing any part or all cf a system
design. Its use within CoD and GSA has Lteen previously
applied to products or things rather than rmaterials and
processes. Value engineers are appropriate additions to the
specification preparing and revision tearns.

5.9 TESTS_AND INSPECTICKNS

5.9.1 TEST METHODS FOR DURABILITY PRECICTION

Generally speaking, the record for developing test
methcds for use in specifications and standards has been
excellent, with a great deal of credit due to ASTM. The use
of tests has been almost entirely in quality control for
purposes of duplicability or reproducibility rather than in
the prediction of performance or durability.

There is presently an effort within ASTM Conmittee
F06.22 on Recommended Practice for Develoring Short-term
Accelerated Tests for Prediction of the Service Life of
Building Components and Materials. Ideally, long-term
performance would ke based upon long-term tests under many
types of climatic or environmental conditions. However,
such long-term tests would delay the use of new materials to
such an extent as to be impractical. It would also relegate
practice to past states—-of-the-art. Existing short-term
tests are seldom fully adequate for predicting long-term
performance. Yet it is difficult to design meaningful tests
since degradation mechanisms are complex and seldor well
understood. While this methodology is evolving for
application in the construction and tuilding industry, it
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should have direct applicability to DoD end items and
systems--particularly since performance is basic in
designing to cost and life cycle service. DoD should follow
and support the development and application of this
performance prediction methodology. (See also "Testind for
Prediction of Material Performance in Components and
Structures {NMAB-288), National Research Council,
Washington, D.C.: 1972%.)

5.9.2 AIRCRAFT, MISSILE, AND SPACECRAFT MATERIALS

5.9.2.1 INTEGRITY REQUIREMENTS; FRACTURE CONTEROL

There is a real need to develop and have available test
and inspection techniques in specifications that reflect not
only the integrity of materials as concerns chenical and
composition requirements but also macroscopic and
microstructural requirements having to do with structural
integrity and safety.

The DoD maintain3 authority over specifications for
ktasic weapons systems and those which contrikute to their
development., These are exemplified by MIL-STD-1530,
Aircraft Structural Integrity Specifications, and the MIL-A-
8860 series of requirements having to do with design
criteria and durability. These directly relate to materials
and process specific ions and derived properties oktained Ly
test procedures imposed ky these "criteria" specifications.
As an example, the following list of specifications and
standards are involved with fracture control and, in turn,
are related to material properties and process requirements.

Fracture Control Specifications and Standards

MIL-STD-1530 MII-A-8867

MIL-A-8344 MIL-I-6870C
MIL-A-8860 NASA-SP-8040
MIL-A-8866 NASA-SP-8095

In addition, conceptual fracture recharics
considerations require a numker of tests to be performed to
oktain derived data on which designs may be based and

* Available from National Technical Information Service,
Springfield, Va. 22151 as AD-743991.
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lifetimes determined, and frorx which inspection intervals
may ke established to assure safety of flight. However,
test methods procedures and data reduction and presentation
are not only costly but inadequate for meeting all of the
requirements of these criteria specifications.

5.9.3 SOME_SPECIAL PROBLEMS IN ELECTRONIC MATERIALS
SPECIFICATIONS

5.9.3.1 TBERMAL_ STRESSES?

Thermal stresses are an ever fresent problem in
electronic assemklies, such as in integrated circuits (ICs),
printed wiring boards (PWBs) and microwave strip
transmission line (stripline) board. The practices used in
fakrication produce fixed joining of various materials, each
of which has a different coefficient of expansion.

There is need to better select and define the materials
of construction used in integrated circuits, printed wiring
koards and stripline, and to define and control the finishes
and processes in order to rinimize stresses and attendant
failures. Burn-in criteria should be studied. Uniform
practices for obtaining structured test values must be
developed.

5.9.3.2 PURELE_PLAGUE

In many cases, users cannot purchase devices according
to MIL specifications because the devices will not meet the
high reliability requirements of their system. Whereas
purple plague (degeneration of bonds to gold surfaces) is
mentioned in MIL-STD-1250, the phenomenon does not have
visitkility commensurate with the problems it causes?,3,
ASTM Committee E-1 on Electronics held a symposium in late
1975 to address the problem of purple plague and to
estaklish a plan for standards action.

1 It is not implied that thermal stresses are only an
electronic material problem. Some other important thermal
stress problem areas are associated with turbine blading and
di: °s, reentry vehicles, solar collecticn, etc.

2 MII-STD-1250, "Corrosion Prevension and Deterioration
Control in Electronic Components and Assemblies," pp. 9 and
24,

3 "purple Plague Proklems Result from Short Menories,"
Circuits Manufacturing, November, 197S5.
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5.9.3.3 TEST METHODS

5.9.3.3.1 INADEQUATE DOCUMENTATION

To compound the proklem, rost of the raterials and
processes used for electronics are not well defined, if at
all, in specifications. Further, test methods must be
custom designed for each electronic application!.

5.9.3.3.2 ACCELERATED-LIFE TESTS

Specially designed accelerated-life tests, which
simulate the cyclic thermal stresses are used to perform
long-term reliability studies. Alternating high and low
expansions when two or more materials are rigidly connected
together, as in integrated circuit boards, can produce three
types of cyclic deformation; namely, (a) none of the
elements deform plastically, (k) only one element deforms
plastically, and (c¢) plastic deformation occurs in more than
one element and is called "thermal ratchet."

5.9.3.3.3 BURN-IN TESTS

Some manufacturers use the time-temrerature regression
plot in MIL-STD-883 for the burn-in test, shortening testing
time by subjecting devices to higher temperatures without
considering the potential danger for devices with gold-
aluminum interconnections, thus inducing the serious defect,
"purple plague" Lty the act of testing.

5.9.3.4 SOLDERED_JOINTS

Mechanically and thermally induced stresses in solder
joints can generate microcracks that often result in circuit
failure2. For example, in a multi-layer printed wiring
koard, the solder in plated-through holes sometimes causes
the copper plating to separate from the base laminate.
Preliminary study of the problems associated with the
strength of solder joints, proklems often encountered in the
military electronics industry, have led to reccmrendations
for further study to stimulate the generation of a reliable
data tase and to determine corrective measures that could ke
inrplemented.

1 nynderstanding Cyclical Therral Stress in Electronic
Assemblies: The Key to Improving Accelerated-Life Testing,"
E. Baker; Insulation/Circuits, October 1975, gpp. #9-56.

2 vpursuing the Reliable Sclder Joint," Circuits
Manufacturing, Novemker 1975, pp. 50-54.
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5.9.3.5 REWORK PRACTICES

Thousands of dollars can ke represented in one
electronic assembly, so it is essential that there be
reliable rework and repair practices and that their
authorized use be carefully controlled. There are few, if
any, established standards for reworking or rerairing
electronic assemklies.

5.9.3.6 FAST MOVING_STATE-OF-THE-ART

It is understandable that specifications and standards
documents are not always abreast of the electronic state-of-
the-art. There is scarcely time to generate a document
before it becomes obsolete. Yet, with the extremely high
costs involved in the development and manufacture of
electronic systems, it is essential that standardization,
control, and documentation be implemented to ensure maximum
reliability at minimum cost. Just as the electronics
industry is relatively new, perhaps new procedures need to
be instigated which would provide for a simpler, gquick turn-
around and control of specifications and standards.

5.10 SHORTAGES AND SUBSTITUTIONS

Materials, energy and the environment are being
recognized as an interconnecting triad where an action in
one area will likely create repercussions in the other two;
for example, energy is developed, for the most part, by
materials reactions (burning of coal, petroleur, etc.), and
environmental protlems have been termed "materials out of
control”™. Thus, material shortages may stem from either of
these sources. Corollary considerations are ccnservation,
sukstitution, and the requirements imposed by EPA, OSHA and
other government regulatory agencies. Material and process
specifications are obviously affected by these relatively
new social forces and, in turn, may effectively ameliorate
wndesirable situations of supply and demand. Specifications
for material to ke stock-piled provide another illustration
of a role to be considered. Again, the need for an
efficient, effective, flexible, responsive specification
system is apparent.

5.10.1 ACTUAL_ AND MAN-MADE_SHCRTAGES

There are two types of material shortages. Actual
shortages are caused by the world's diminishing supplies or
increasing demands, which either exceed the ability to
produce the materials or which are not economic to offer in
the marketplace. Man-made "shortages"™ are caused by actions
of regulatory agencies restricting or, in some cases,
actually prohikiting their use, and by the economics of
procurement, bty unjustified ("frantic") excessive
procurement or because of lack of production capability.
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5.10.2 ENERGY SHORTAG§

For some years, it has been recognized that the
potential exists for near future energy shortages. It is a
truism that the world's resources of fossil fuels and
materials are finite. The Arab 0il Embargo of 1973 and the
severe January 1977 winter led to massive local supply
disruptions. Energy shortages are the threat of the future.
Until major new energy sources are developed with production
anticipated at the end of the next decade or later, energy
conservation will be the means to keep the American economy
in gear along with prescnt domestic and foreign fossil fuel
and nuclear energy supplied.

Energy conservation is not merely the non-use of
energy; it is its wise use to produce desirable outputs for
reasonably low inputs. All materials in the forms required
for further fabrication and assembly have had a varying but
intensive investment of energy. New processes with smaller
energy requirements for extraction are badly needed as high
quality ores, such as hematite from Minnesota and bauxite,
are exhausted. The need exists for the ability to recycle
materials as well as to plan for the substitution of more
abundant materials for less abun<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>